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(54) Title: VIRAL VECTORS FOR USE IN MONITORING HIV DRUG RESISTANCE 

(57) Abstract: Recombinant expression vectors and methods are provided for detecting HIV and monitoring HIV drag resistance. 
The method comprises: taking a culture of cells; adding a recombinam viral vector into the culture to transduce the cells, the recom- 
binam viral vector comprising a reporter sequence comprising a reporter gene whose expression is regulated by a protein specific 
to HIV viruses which is expiessed from a genome of an HTV virus upon infection of a cell in the culture that is truisduced by the 
recombinant viral vector, and a receptor sequence comprising CD 4 and one or more coreceptor genes, expression of the coreceptor 
genes facilitating productive infection of the transduced cell and enabling HTV vims which has infected the transduced cell to repli> 
cate and infect non-infected cells in the culture of the cells transduced by the recombinant viral vector, infecting the transduced cells 
with a sample containing HIV; adding one or more anti-HIV agents to the cell culhire; and detecting a change in a level of expression 
of the reporter gene in cdls. 
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VIRAL VECTORS FOR USE IN MONITORING HIV DRUG 

RESISTANCE 

PAr-vfiwniTND OF T m. INVENTION 

PtoMnf the Invention 

Hie present invention relates to recombinant vectors and cell lines, and 
methods for detecting and monitoring viral infection. More particularly, the 
invention relates to recombinant vectors and cell lines, and methods for 
detecting HIV infection, monitoring fflV for drug resistance and screening for 
anti-HIV agents. 


20 


np«pri ption of R elated Art 

Human immunodeficiency virus (HIV) has been implicated as the 
15 primary cause of the slowly degenerate disease of the immune system termed 
acquired immune deficiency syndrome (AIDS). Infection of the CD4* subclass 
of T-lymphocytes with the HIV type-l virus (HIV-1) leads to depletion of this 
' essential lymphocyte subclass which inevitably leads to opportunistic 
infections, neurological disease, neoplastic growth and eventual death. 
Infection with human immunodeficiency virus (HIV) is a chronic process with 
persistent, high rates of viral replication. The pathogenesis of HIV- 1 infection 
is characterized by a variable but often prolonged asymptomic period foUowing 
the acute viremic phase. Previous work has established a correlation between 
fflV disease progression and increasing amounts of infectious virus, viral 
25 antigens, and virus-specific nucleic acids (Ho et al.. New England. J. Med. 32 1 : 
1621-1625 (1989); Schnittman et al. AIDS Res. Hum. Retroviruses 7: 361-367 
(1991); Pantalco et al. Nature 362: 355-358 (1993)). 

A variety of reagents and assays have been developed to detect the 
infection of HIV and monitor tiie progression of HIV in tiie body. For example, 
30 counting the depletion of CD4+ ceUs has been used to mdicate tiie prognosis of 
AIDS. Serological screening techniques are also being utilized worldwide for 
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the detection of HTV, where the presence of the antibody against HTV antigens, 

such as the HIV p24 antigen, is detected. 

An ELIS A assay is currently being utilized on serum samples in most 

hospitals and screening laboratories to make the determination. However, 
5 cunently used ELISA assays may not be sensitive enough to detect all HTV 

infected individuals. This is because that some HIV infected individuals do not 

have detectable levels of serum antibody to HIV. There may be a significant 

time lag between detection of HIV infection and seroconversion. In addition, 

some HIV infected but seronegative individuals might never convert but will 
10 remain infected throughout theirs lives. Thus, such a screening method may 

generate false negatives, which in turn may increases the probability of HIV 

infection of healthy people by these individuals. 

Another method for detecting HTV infection in seronegative individuals 

was described (Jehuda-Cohen, T. et al, Proc. Natl. Acad. Sci. UAS, 87: 3972- 
1 S 3076 ( 1 990)) wherein peripheral blood mononuclear cells (PBMC) are isolated 

fi-om the blood and then exposed to a mitogen such as pokeweed mitogen. 

Incubation of isolated PBMC with pokeweed mitogen caused the PBMC to 

secret immunoglobulins that were specific for HTV. The failure of the ELISA 

assay to detect all HIV infected individuals places the population at risk by 
20 misleading the HIV infected individuals that they are not infected, thereby 

making it more likely that the HIV infected individuals vAll unknowingly infect 

others. 

The existence of HIV has also been determined by using the reverse 
transcriptase-polymerase chain reaction (RT-PCR) to amplify plasma HIV 
25 RNAs (US Patent No. 5,674,680). This method is used to detect three types of 
HIV mRNA in peripheral blood cells: unspliced, multiple spliced, and single- 
spliced mRNA in AIDs patients, HIV-infected but asymptomatic individuals 
and individuals who are imdergoing therapy for AIDS. However, the 
correlation between the differences in HIV mRNA levels and AIDS prognosis 
30 needs to be established. 

Many antiviral drugs have been developed to inhibit HIV infection and 
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repUcation by targeting HIV reverse transcriptase and Treatment 
following a prolonged single drug regimen has met with limited success wh^ 
there is relatively small drop in viral load, followed by a rise in amount of 
detectable virus in blood, presumably due to the development of drug resistance 
5 strains of HIV. The resistance of HIV to drugs is not only associated with the 
high mutation rates of HIV but also due to the selective pressure of prolonged 
anti-HIV drug therapy. Since the original description of diminished 
susceptibUity of isolates of HIV-l to zidovudine (AZT) (Larder et al. Science 
(1989) 243:1731-1734), the literature has disclosed many descriptions of 
10 diminished susceptibility to AZT in different clinical situations, with different 
assay systems, and of genetic mutations responsible for changes in 
susceptibility. For example, isolates from subjects not treated with AZT display 
a narrow range of susceptibilities to AZT, with the 50% inhibitory 
concentrations aC50) ranging from 0,001 to 0.04 DM (Larder et al. (1989), 
15 supra; Rooke et al. AIDS (1989) 3:41 1-415; Land et al. J Infect Dis (1990) 

161:326-329; Richman et al. J. AIDS (1990) 3:743-746; Tudor-Williams et al. 
Lancet (1992) 339:15-19). This narrow range of susceptibilities is typical for 
HIV isolates from subjects of all ages and at all stages of HIV infection. 
Isolates of HIV from patients who receive AZT, however, chronically display 
20 progressive reductions of susceptibility to AZT over periods of months to years. 
Diminished susceptibility to AZT of an isolate of HIV-2 from a patient on 
prolonged therapy has also been reported (Pepin et al. Eighth International 
Conference on AIDS, Amsterdam, The Netherlands, July 19-24, 1992 Abstract 
PoA 24401). In addition to AZT, HIV resistance have been seen with other 
25 nucleosides and to nonnucleoside anti-retroviral drugs. For example, isolates 
resistant to AZT display diminished susceptibility to other nucleosides 
containing a 3*-azido moiety, including 3*-a2ido-2',3'-dideoxyuridine, 3'-azido- 
2\ 'dideoxyguanosine, and 3*-azido-2\3'-dideoxyadenosine (Larder et al. (1989), 
supra; Larder et al. Antimicrob Agents Chemother (1990) 34:436-441). 
30 Additionally, AZT-resistant isolates are reported to display cross-resistance to 
didehydrodideoxythymidine (Rooke et al. Antimicrob. Agents Chemother. 
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(1991) 35:988-991). 

Drag resistance in HTV isolates is not limited to inhibitors of reverse 
transcriptase and virtually all drug targets for anti-HIV therapy are susceptible 
to the development of resistance. For ^cample, a mutant with resistance to a 
S protease inhibitor has been isolated that exhibits an eightfold reduction in 
susceptibility to a protease inhibitor (Patterson et al. Eighth International 
Conference on AIDS, Amsterdam, The Netherlands, July 19-24, 1992, Abstract 
ThA 1506). 

In the last five year, with the fast development of anti-HIV drugs and 

10 utilization of combination therapy, treatment of HTV infection with multiple 
antiviral drags ("cocktails") have led to diminutions in the amount of viral RNA 
and virus detectable in blood by using current detection methods. It has been 
shown that combination therapy with 3 or more antiviral drags, e.g. indinavir, 
zidovudine, and lamivudine, or alternatively, nevirapine, zidovudine, and 

1 5 didanosine, in previously untreated patients has resulted in profound decreases 
in viral burden (Wainberg, M.A. and Friedland, G. JAMA (1998) 279: 1977- 
1983). It was believed that the combination antivnal regimens used must have 
blocked viral replication to the extent that the mutations that encode drag 
resistance could not occiir. However, current studies showed that a growing 

20 number of patients are failing combination drag regimens (Deck, S. et al. the 
5th Conference on Retroviruses and Opportunistic Infection, Chicago, Feb. 1-5, 
1998, Abstract #419). Finding an effective salvage therapy for them is difficult. 

In the clinical setting, drag^resistance is often not detected until a patient 
manifests symptoms of disease progression, which is generally not observed 

25 until significantly after development of a drag resistant strain of virus. Thus, 
there is a clear need for an assay which can indicate the drag resistance of virus 
strains so drag therapy for a patient can be modified accordingly, and optimally 
as soon as resistance is detected rather than delaying until clinical symptoms are 
observed. 

30 Currendy the most commonly used assays for susceptibility of HIV to 

antiviral drags involve the measurement of the inhibition of cytopathology, p24 
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production, or reverse transcriptase production of a laboratory strain of HIV in a 
lymphoblastoid cell line. Such assays may not be readily appUed to clinical 
isolates of HIV. Examples of commonly used assays of drug susceptibiUty of 
clinical isolates have been the syncytial focus assay in CD4-HeLa cells 
5 (Chesebro, B. and Wehrly, K., J. Virol. (1988) 62:3779-3788), inhibition of p24 

production in primary peripheral blood mononuclear cells, and reverse 

transcriptase (RT) assays using cultured primary T-cells ftom patient blood. 

(Richman et al. In: Current Protocols in Immunology, Coligan et al., eds, (1993) 

Brooklyn,!. Wiley). 

10 One of the disadvantages associated with the syncytial focus assay is 

that it may only detect HIV viruses that exhftU a syncytial-inducing phenotype 
and that in practice may only be obtained from a minority of specimens from 
seropositive mdividuals. And the syncytial focus assays may not be used for 
screening for drugs that affect posttranslational processing, such as glycosidase 

15 and protease inhibitors. On the other hand, the p24 and RT assays may also 
suffer the limitations of difficult quantiution, low sensitivity and unproven 
cUnical validity. 


STTMMARY HF THE INVENTION 


20 


A recombinant cell is provided which comprises: a reporter sequence 
introduced into the recombinant cell comprising a reporter gene whose 
expression is regulated by a protem specific to HIV viruses which is expressed 
from a genome of an HIV virus upon infection of Ae recombinant ceU by the 

25 HTV virus; the recombinant cell being capable of cell division and expressing a 
CD4 receptor and one or more additional cell surface receptors which fiicilitate 
productive infection of the recombinant cell by the HTV virus; and the 
recombmant cell enabling HIV virus which has infected the recombinant cell to 
replicate and infect non-infected cells in a culture of the recombinant cell. 

30 As used herein, introducing a reporter sequence into a recombinant cell 

refers to the introduction of a sequence mto cell by any of a variety of 

5 
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recombinant methodologies including, but not limited to, transfonnation, 
tiansfection and transduction. 

The recombinant cell may optionally express a sufficient numb^ of cell 
surface receptors to render the recombinant cell permissive to substantially all 
S strains of mV. Alternatively, the recombinant cell may egress a selected 
group of cell surface receptors such that the recombinant cell is permissive to a 
selected group of strains of HTV. Examples of cell surface receptors which may 
be expressed by the recombinant cell include, but are not limited to CXCR4, 
CCR5, CCRl, CCR2b, CCR3, CCR4, CCR8, CXCRl, CXCR2, CXCR3, 

10 CX3CRI, STRL33/BONZO and GPR15/B0B. 

The stably transferred reporter sequence may optionally comprise a 
promoter sequence including an HIV virus specific enhancer sequence, and a 
reporter gene whose expression is regulated by binding of an HTV specific 
transactivator protein to the HTV specific enhancer sequence. According to this 

1 S variation, the HIV specific transactivator protein is preferably Tat and the HIV 
specific enhancer sequence preferably comprises at least one copy of TAR 
sequence. Alternatively, the HIV specific protein may optionally regulates 
expression of the reporter sequence by a protein-protein interaction between the 
HIV specific protein and a transactivator protein present in the recombinant cell. 

20 Examples of the HIV specific protein include, but are not limited to, 

HIV proteins Tat, Rev, Vpr, Vpx, Vif, Vpu, Nef, Gag, Env, RT, PR, and IN. 
The HIV specific protein may optionally be an HIV transactivator protein such 
as Tat 

Expression of the reporter gene in the recombinant cell may be is up- 
25 regulated or down-regulated by the HIV specific protein. 

A method is provided for detecting a presence of HIV vims in a sample 
comprising: taking a culture of recombinant cells which (a) are capable of cell 
division, (b) express CD4 receptor and one or more additional cell surface 
receptors necessary to allow the HIV virus to infect, (c) enable the HIV virus to 
30 replicate and infect the noninfected cells in the cell culture, and (d) comprise a 
reporter sequence introduced into the recombinant cells comprising a reporter 
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gene whose expression is regulated by a protein specific to HIV viruses which 
is expressed from a genome of an HIV virus upon infection of the recombinant 
cell by the HIV virus; contacting the cell culture with a sample to be analyzed 
for the presence of HIV virus in the sample; and detecting a change in a level of 
5 expression of the reporter gene in cells in the recombinant ceU culture. 

A method is also provided for detecting the presence of different strains 
of HIV virus in a sample comprising: taking a first cukure of recombinant cells 
which (a) are capable of ceU division, (b) express CD4 receptor and one or more 
additional cell surfece receptors which render the first cell culture permissive to 
10 a first group of strains of HIV but does not render the first ceU culture 

permissive to a second, different group of strains of HIV, (c) enable the HIV 
virus to repUcate and infect the noninfected ceUs m the cell culture, and (d) 
comprise a reporter sequence introduced into the recombinant cells comprising 
a reporter gene whose expression is regulated by a protein specific to HIV 
15 viruses which is expressed from a genome of an HIV virus upon infection of the 
recombinant cell by the HIV virus; taking a second culture of recombinant cells 
which (a) are capable of cell division, (b) express CD4 receptor and one or more 
. additional cell surface receptors which render the second culture permissive to 
the second group of strains of HIV but does not render the second cell culture 
20 permissive to the first group of strains of HIV, (c) enable the HTV virus to 

replicate and infect the noninfected ceUs in the cell culture, and (d) comprise a 
reporter sequence introduced into the recombinant cells comprising a reporter 
gene whose expression is regulated by a protein specific to HIV viruses which 
is expressed from a genome of an HIV virus upon infection of the recombinant 
25 cell by the HIV virus; contacting the first and second cell cultures with a sample 
to be analyzed for the presence of different strains of HIV vims; detecting a 
change in a level of expression of the reporter gene in ceUs in the first ceU 
culture; detecting a change in a level of expression of the reporter gene in ceUs 
in the second cell culture; and distinguishing between the first and second 
30 groups of strains based on whether a change in a level of expression of the 
reporter gene occurs in the first or the second cell culture. 
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According to the above method, the first and second cultures of 
recombinant cells may optionally be mixed with each other. The reporter genes 
in the first and second cultures of recombinant cells may also optionally be 
different from each other so that cells of the first cell culture can be 
distinguished firom cells of the second ceU culture. This allows different strains 
of HTV virus to be detected in a single well containing cells from both cultures. 

A method is also provided for detecting HTV drug resistance in a sample 
comprising: taking a culture of recombinant cells which (a) are capable of cell 
division, (b) express CD4 receptor and one or more additional cell surface 
receptors necessary to allow the HIV virus to infect, (c) enable the HIV virus to 
replicate and infect the noninfected cells in the cell culture, and (d) comprise a 
reporter sequence introduced into the recombinant ceUs comprising a reporter 
gene whose expression is regulated by a protein specific to HIV viruses which 
is expressed from a genome of an HIV virus upon infection of the recombinant 
cell by the HIV virus; contacting the cell culture with a sample containing HTV 
virus; adding one or more anti-HIV agents to the cell ciilture either before or 
after contacting the cell culture with the sample; and detecting a change in a 
level of expression of the reporter gene in the cells. 

A method is also provided for taking a patient known to be infected with 
one or more strains of the HIV virus and determining what combination of one 
or more anti-HIV agents would be effective in treating the patient, the method 
comprising: taking a plurality of cell cultures, each of the cultures containing 
recombinant cells which (a) are capable of cell division, (b) express CD4 
receptor and one or more additional cell surface receptors necessary to allow the 
HIV virus to infect, (c) enable the HIV virus to replicate and infect the 
noninfected cells in the cell culture, and (d) comprise a reporter sequence 
introduced into the recombinant cells comprising a reporter gene whose 
expression is regulated by a protein specific to HIV viruses which is expressed 
from a genome of an HIV virus upon infection of the recombinant cell by the 
HIV virus; contacting the cell cultures with a sample containing the HIV virus; 
adding a different set of one or more anti-HIV agents to each of the cell 
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cultures, cither before or after contacting the ceU cultures with the sample; and 
comparing expression of the reporter gene in the plurality of cell cultures. 

A method for screening compositions for anti-HIV activity comprising: 
taking a culture of recombinant cells which (a) are capable of ceU division, (b) 
5 express CD4 receptor and one or more additional cell surface receptors 

necessary to allow the HIV virus to infect, (c) enable the HIV virus to replicate 
and infect the noninfected cells in the ceU culture, and (d) comprise a reporter 
sequence introduced into the recombinant cells comprising a reporter gene 
whose expression is regulated by a protem specific to HIV viruses which is 

10 expressed from a genome of an HIV virus upon infection of the recombinant 
cell by the HIV virus; contacting the ceU culture with a sample containing the 
HIV virus; adding one or more agents whose anti-HIV activity are unknown to 
the cell culture, either before or after contacting the cell culture with the 
sample; and detecting a change in a level of expression of the reporter gene in 

15 the cells in the culture. 

According to any one of the above methods, the recombinant cells in the 
cell cultures used in the methods may optionally comprise a reporter sequence 
introduced into the recombinant cells comprising a reporter gene whose 
expression is regulated by a protein specific to HIV viruses which is expressed 

20 from a genome of an HIV virus upon infection of the recombinant cell by the 
HIV virus; the recombinant cells being capable of ceU division and expressing a 
CD4 receptor and one or more additional ceU surface receptors which faciUtate 
productive infection of the recombinant cell by tiie HIV virus; and tiie 
recombinant cells enabling the HIV virus which has infected tiie recombinant 

25 cell to repUcate and infect non-infected ceUs in a culture of tiie recombinant 
cell. 

Also according to any one of tiie above metiiods, tiie HIV specific 
protein may be any one of tiie HIV proteins Tat, Rev, Vpr, Vpx, Vif, Vpu, Nef. 
Gag, Env, RT. PR, and IN. The HIV specific protein may optionally be an 
30 HIV iransactivator protein such as Tat. 

Also according to any one of tiie above metiiods, tiie reporter sequence 
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25 


may comprise a promoter sequence including an HIV virus specific enhancer 
sequence, and a rq)orter gene whose expression is regulated by binding of an 


one variation, the HIV specific transactivator protem is Tat and the HIV specific 
enhancer sequence comprises at least one copy of TAR sequence. 

Also according to any one of the above methods, the one or more 
additional cell surface receptors expressed by the recombinant cell may include, 
but are not limited to CXCR4, CCR5, CCRl, CCR2b, CCR3, CCR4, CCR8, 
CXCRl, CXCR2, CXCR3, CX3CRI, STRL33/BONZO and GPR15/BOB. 

Also according to any one of the above methods, detecting a change in a 
level of expression of the reporter gene in the cells may include detecting a 
change in a level of expression of the reporter gene in individual cells. 

Also accordmg to any one of the above methods, detecting a change in a 
level of expression of the reporter gene in the cells may include detecting a 
change in a level of expression of the reporter gene across the cell culture. 

Also according to any one of the above methods, detecting a change in a 
level of expression of the reporter gene in the cells may include detecting 
whether viral replication within the cell culture has occurred. 

Also according to any one of the above methods, detecting a change in a 
level of expression of the reporter gene in the cells may include comparing a 
level of expression in cells contacted with the sample to a level of expression 
cells contacted with one or more control samples. 

Also according to any one of the above methods, the sample may be any 
sample which might include HIV including, but not limited to whole blood, 
blood serum, isolated peripheral blood cells,T cells, and bone marrow. 

Kits are also provided for performing the various methods of the present 
invention. These kits may include the cell line of the present invention and any 
two or more components used to perform these methods. 

In one variation, a kit is provided which comprises: first and second 
recombinant cell lines, each recombinant cell line comprising: a reporter 
sequence introduced into the recombinant cells comprising a reporter gene 


HTV specific transactivator protein to the HTV specific enhancer sequence. In 
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whose expression is regulated by a protein specific to HTV viruses which is 
expressed from a genome of an HTV vims upon infection of the recombinant 
cell by the HIV virus, the recombinant cell line being capable of cell division 
and expressing a CD4 receptor and one or more additional cell surfece receptors 

5 which facilitate productive infection of the recombinant ceU by the fflV virus, 
and the recombinant cell line enabling the HIV virus which has infected the 
recombinant cell to replicate and infect non-infected cells in a culmre of the 
recombinant cell; wherein the one or more additional cell surface receptors 
which the first recombinant ceU line expresses renders die first recombinant cell 

10 line peraiissive to a first group of strains of HIV and die one or more additional 
cell surfece receptors which the second recombinant cell line expresses renders 
the second recombinant cell line pennissive to a second, different gmup of 
strains of HTV. 

According to this variation, tiie first and second recombuMnt cell lines 
15 may optionally be mixed together in the kit. Also according to tins variation, 
die first recombinant cell line may optionally include a first reporter gene and 
die second recombinant cell line may optionally include a second different 
reporter gene which allows the first and second recombinant cell lines to be 
independendy identified. 
20 The present invention also provides a recombinant viral vector for 

producing die recombinant cell described above. The recombinant viral vector 
comprises: a reporter sequence comprising a reporter gene whose expression is 
regulated by a protein specific to HIV viruses v*Ach is oqpressed fipom a 
genome of an HIV virus upon infection of a cell transduced by die recombinant 
25 viral vector, and a receptor sequence comprising a CD4 gene and one or more 
coreceptor genes, expression of die receptor and coreceptor genes fiicilitating 
productive infection of the transduced cell and enabling HIV virus which has 
infected die transduced cell to replicate and infect non-infected cells in a culture 
of die cells transduced by die recombinant viral vector. 
30 In a preferred embodiment, die recombinant viral vector is a 

recombinant adenoviral vector. . The recombinant adenoviral vector may be 

11 
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replication incompetent but carry an adenoviral packaging signal. The vector 
carries genes encoding HIV receptors, such as CD4, CXCR4 and CCRS, as well 
as a reporter gene such as D-galactosidase, luciferase, beta-glucuronidase» 
fluorescent protein (e.g. GFP and BFP), chloramphenicol acetyl transferase 

S (CAT), secreted embryonic alkaline phosphatase (SEAP)» hormones and 

cytokines. The vector may also carry a gene encoding an interleukin (e.g. IL-2 
and IL-12) that renders the transduced cells more susceptible to HTV infection. 
The vector may also cany a eukaryotic polyadenylation sequence siich a S V40 
polyadenylation site or a BGH polyadenylation site. 

1 0 The genes encoding the HIV receptors may be placed under 

transcriptional control of a constitutive (e.g. CMV and SV40) or an inducible 
(e.g. tetracycline-inducible) promoter located in the El region of the adenoviral 
vector near the left terminal repeats (L-TR). The reporter sequence may be 
positioned in the right end of the recombinant adenoviral vector, for example, 

IS in the E4 region of the recombinant adenoviral vector near the right terminal 
repeats (R-TR). 

Various HIV receptors may be transferred into the cells by a single 
recombinant viral vector carrying all of the HTV receptors, or by multiple 
recombinant viral vectors, each carrying one or more HTV receptors to confer 

20 upon the cell different tropisms. 

Alternatively, a recombinant plasmid may be. used to introduce the 
receptor and reporter sequences to the cell. The recombinant plasmid 
comprises: a reporter sequence comprising a reporter gene whose expression is 
regulated by a protein specific to HIV viruses which is expressed from a 

25 genome of an HTV virus upon infection of a cell transfected with the 

recombinant plasmid; and a receptor sequence comprising a CD4 gene and one 
or more coreceptor genes, expression of the receptor and coreceptor genes 
facilitating productive infection of the transfected cell and enabling HIV virus 
which has infected the transfected cell to replicate and infect non-infected cells 

30 in a culture of the cells transfected with the recombinant plasmid. 

The present invention also provides a kit for producing the recombinant 

12 
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cells described above. "Hie kit comprises: a lecombinant viral vector and a cell 
line capable of being infected by the vector, the recombinant viral vector 
comprising a reporter sequence comprising a reporter gene v*ose expression is 
regulated by a protein specific to HIV viruses which is expressed from a 
5 genome of an HIV virus upon infection of a cell in the cell line that is 

transduced by the recombinant viral vector, and a receptor sequence comprising 
a CD4 gene and one or more coieceptor genes, expression of the receptor and 
coreccptor genes fadUtating productive infection of the transduced cell and 
enabling KV virus v^ch has infected the transduced cell to replicate and infect 
10 non-infectedcellsinacultureofthecellstransducedbytherecombinantviral 

vector. 

The present invention also provides a mefliod for producing recombinant 
cells for detecting a presence of HIV virus in a sample. The method comprises: 
taking a culture of cells; and adding arecombinant viral vector into the culture 
15 to transduce the cells, the recombinant viral vector comprising a reporter 

sequence comprising a reporter gene whose expression is regulated by a protein 
specific to HIV viruses which is expressed from a genome of an HIV virus upon 
. infection of a ceU inthe culture that is transduced by the recombinant viral 
vector, and a receptor sequence comprising a CD4 gene and one or more 
20 coreceptor genes, expression of the receptor and coreceptor genes facilitating 
productive infection of the transduced cell and enabling HIV vinis which has 
infected the transduced cell to replicate and infect non-infected cells in the 
culture of the cells transduced by the recombinant viral vector. 

Alternatively, the recombinant cells of the present invention may be 
25 produced by transducing cells that already express CD4 and one or more HIV 

coreceptors such as CXCR4 and CCR5 with a recombinant viral vector 
containing the reporter sequence. 

Optionally, tiie recombinant cells of the present mvention may also be 
produced by transducing cells that already contain the reporter sequence 
30 witii a recombinant viral vector that expresses CD4 and one or more HIV 

coreceptors. 
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Optionally, the recombinant cells of the present invention may also be 
produced by transducing cells that already express CD4 and one or more HIV 
coieceptors such as CXCR4 and CCRS at levels sufficient for facilitating 
productive infection of HIV virus in the cells with a recombmant viral vector 

S containing the reporter sequence. 

The recombinant cells of the present invention may also be produced by 
transducing cells with a plurality of recombinant viral vectors, each of the 
plurality of recombinant viral vectors expressing the receptor sequence such as 
genes encoding CD4, CXCR4 and CCRS, or the reporter sequence. 

10 The recombinant viral vector of the present invention may also be used 

to transduce cells that express CD4 or a coreceptor (e.g. CXCR4 and CCRS) 
naturally, but at lower levels than the expression levels conferred by an artificial 
expression system, such as those provided by the recombinant expression 
vectors of the present systems. By introducing a vector carrying the HIV 

1 S receptor(s) into the cell, the expression levels of the HIV receptor(s) may be 
significantly elevated by using strong promoters (such as CMV and SV40 
promoters) to overexpress iht receptor(s). 

The recombinant viral vector of the present invention may also be used 
to produce cells that express the receptors in a controlled period of time by 

20 using an inducible promoter, or in a shorter period of time by using an 

adenoviral vector. This allows versatile and efficient production of a wide 
variety of cells which can be used for detecting HIV infection in the cell, 
screening for anti-HIV drugs and detecting HIV drug resistance in the cells. 

2S BRIEF DESCRIPTION OF THE FIGURES 

Figure 1 A illustrates expression plasmids for HIV receptors and a 
reporter gene. 

Figure IB illustrates retroviral vectors for HIV receptors and a reporter 

30 gene. 

Figure 2A illustrates an expression plasmid for human CD4 and CXCR4 
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receptors. 

Figure 2B illustrates a plasmid for a lacZ reporter gene. 

Figure 3A shows HeLaT4 ceUs cultured in the presence of HIV virus 

and later processed with X-Gal. < 
5 Figure 3B shows HeU D4R4 cells cultured in the presence of HIV virus 

and later processed with X-Gal 1 day after the initial infection. 

Figure 3C shows HeLa D4R4 cells cultured in the presence of HIV virus 
and later processed with X-Gal 3 days after the initial infection. 

Figure 3D shows HeU D4R4 cells cultured in the presence of HIV virus 
10 and later processed with X-^al 4 days after the initial infection. 

Figure 3E shows HeLa D4R4 cells cultured in the presence of HIV virus 
and later processed with X-Gal 5 days after the initial infection. 

Figure 3F shows HeLa D4R4 cells cultured in the presence of HIV virus 
and AZT and later processed with X-Gal. 
15 Figure 4A illustrates a shuttle plasmid for human CD4, CXCR4 and 

CCR5 receptors. 

Figure 4B illustrates a shuttle plasmid for a reporter gene. 

Figure 5A illustrates a shutUe plamsid for human CXCR4 and CCR5 
receptors. 

20 Figure 5B illustrates a shuttle plamsid for human CD4 receptor. 

Figure 6 illustrates a scheme for construction of a recombinant 
adenoviral vector of the present invention. 

nF.T AILED H^RSCRIPTIQ '^ HF THF. INVENTION 

25 

The present invention relates to new and usefiil methods including 
methods for detecting HIV, methods for detecting HIV drug resistance, methods 
for designing patient customized anti-HIV drug cocktaU treatments, and 
methods for screening compositions for anti-HIV activity. Also provided are 
30 novel vectors and cell lines which may be used with the methods of the present 
invention. 
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The methods of the present invention use recombinant cells which (a) 
are capable of cell division; (b) are pomissive to HIV virus; (c) express a 
reporter gene whose expression is selectively regulated by infection with HIV; 
and (d) allow viral replication of HIV in infected cells which enables cells 

S within the same cell culture which are initially uninfected to become infected 
The recombinant cells are rendered permissive to HTV virus by e?q>ressing cell 
surface receptors such as CD4, CXCR4 and CCRS. The recombinant cell may 
be generated by transfecting the cell with several plasmids or vectors 
individually carrying the reporter gene and receptor genes. Alternatively, the 

1 0 recombinant cell may be generated by transfecting the cell with a single plasmid 
or a replication incompetent viral vector carrying both the reporter gene and 
genes for HIV receptor (CD4) and coreceptors (e.g. CXCR4 and CCRS). 

One of the advantages provided by the present invention is that the 
recombinant cells used are capable of cell division. As a result, it is easy to 

1 S produce and maintain these cells for performing the various methods of the 
present invention. 

A further advantage provided by the present invention is that the 
recombinant cells can be infected by multiple different strains of HTV, including 
wild-type and mutant HTV strains from clinical isolates or laboratory-adapted 

20 strains. As a result, the methods of the present invention have broad 
applicability to all strains of HIV. 

Yet a further advantage provided by the present invention is that 
infection of the recombinant cells by an HTV virus can be easily monitored and 
measured. By using a reporter gene whose expression is regulated by infection 

25 with HIV, it is possible to detect HIV infection by simple detection methods, 
such as colorimetric methods. By expression of the reporter gene being 
selectively regulated by infection with HTV, false positive signals, for example 
due to infection by non-HIV viruses, are reduced. 

A further advantage of the present invention is that the recombinant cells 

30 not only allow entry and infection of the HIV virus, but also facilitate efficient 

replication within the recombinant cell and transmission of the mature HIV 
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t to infect other ceUs in the culture. By using a ceU line in which HIV is 
able to infect some cells in a ceU culture, repUcate. and then infect other cells in 
the cell culture, as well as by coupling vind repUcation with ceU division, the 
signal produced by the reporter gene is ampUfied since more cells are infected 
than would be infected absent replication of HIV within the cell culture. For 
example, a single virion contained in a sample is ultimately able to infect aU 
cells in the ceU culture. This feature allows for sensitive detection of the HIV 
vims contained m a sample that is appUed to the recombinant cell culture. 

By exploitmg the above-described advantages, as weU as features further 
described in details below, the recombinant cell Une can be used in a variety of 
methods or assays for many laboratory and cluneal appUcations relating to HIV. 

It should be noted that the methods and ceUs of the present mvention can 
be modified and adapted for various viruses other than HI V . including but are 
not limited to retroviruses, coronaviruses, herpes viruses and adenoviruses. For 
example, an immortalized cell Ime can be constructed to comprise a panel of 
receptors and coreceptors to allow infection, replication and amplification of 
one or more strains of a target virus; and a reporter gene whose expression is 
regulated by a specific gene product expressed by the target virus. 

1. PFrOMBTNA NT TRLL LINE 

One aspect of the present invention relates to recombinant cells for use 
detecting infection by an HIV virus. In one embodiment, the recombinant 


m 


cell comprises: 

25 a reporter sequence introduced into the recombinant cells 

comprising a reporter gene whose expression is regulated by a protein 
specific to HIV viruses which is expressed firom a genome of an HIV 
virus upon infection of the recombinant cell by the HIV virus; 
the recombinant cell being capable of cell division and 

30 expressing a CD4 receptor and one or more additional cell surface 

receptors which facilitate productive infection of the recombinant cell 
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by the HIV virus; and 

the recombinant cell enabling the HTV virus which has infected 
the recombinant cell to replicate and infect non-infected cells in a 
culture of the recombinant cell. 
S Regulation of the reporter gene expression may involve up-regulation 

where the HIV specific protein causes e3q>ression of the reporter gene to begin 
or to increase. Alternatively, regulation of the reporter gene expression may 
involve down-regulation where the HIV specific protein causes expression of 
the reporter gene to cease or to decrease. 
1 0 The HIV specific protein may be an HIV transactivator proteins such as 

Tat, an HIV regulatory protein such as Rev, HIV accessory proteins such as 
Vpr, Vpx, Vif, Vpu and Nef, HIV structural proteins such as and Env, or 
HIV enzymatic proteins such as RT (reverse transcriptase), PR (protease) and 
IN (integrase). The regulation of the reporter sequence may be achieved by 
1 S using various meAods known in the art. For example expression of the reporter 
sequence can be regulated by direct binding of the transactivator protein Tat to 
an enhancer sequence upstream comprising at least one copy of TAR sequence. 
Alternatively, expression of the reporter gene can be regulated via protein- 
protein interaction between the HIV specific protein and an transactivator 
20 protein present in the recombinant cell. 

In one variation of this embodiment, the reporter sequence in the 
recombinant cell comprises a promoter sequence including an HIV virus 
specific enhancer sequence, and a reporter gene whose e>q}ression is regulated 
by binding of an HIV specific transactivator protein to the HIV specific 
25 enhancer sequence. 

. According to this prefenred embodiment, regulation of the reporter gene 
expression in the recombinant cells is achieved by using a promoter sequence 
including an HIV virus specific enhancer sequence which is transcriptionally 
responsive to an HIV specific transactivator protein. Upon infection by the HIV 
30 virus, the HIV specific transactivator protein expressed firom the HTV genome 

binds to the HIV specific enhancer sequence and enhances expression of the 
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reporter gene. The presence, absence or level of ttie reporter gene product is 
detected and used to indicate the infection of the HIV vims. 

In a particularly preferred variation, tiie reporter sequence comprises at 
least one copy of TAR sequence as the HIV virus specific enhancer sequence. 
5 Expression of the reporter sequence is regulated by the binding of the HIV 
specific transactivator protein Tat to the enhancer sequence TAR. 

A wide variety of reporter genes may be used in the present invention. 
Examples of proteins encoded by reporter genes include, but are not limited to, 
easily assayed en^es such as D-galactosidase, luciferase, beta-glucuionidase, 
10 chloramphenicol acetyl transferase (CAT), secreted embryonic alkaline 
phosphatase (SEAP), fluorescent proteins such as green fluorescent protein 
(GFP), enhanced blue fluorescent protein (EBFP), enhanced yellow fluorescent 
protein (EYFP) and enhanced cyan fluorescent protein (ECFP); and proteins for 
which immunoassays are readily available such as hormones and cytokines. 
1 5 The expression of these reporter genes can also be monitored by measuring 
levels of mRNA transcribed fi-om these genes. 

The one or more additional cell surface receptors expressed by the 
• recombinant cell may optionally include, but are not limited to, CXCR4, CCR5, 
other chemokine receptors such as CCRl, CCR2b, CCR3, CCR4, CCR8, 
20 CXCRl , CXCR2, CXCR3, CXjCRl , and chemokine receptor-like orphan 
proteins such as STRL33/BONZO and GPR15/B0B. 

The presence of CD4 and these one or more additional cell sur&ce 
receptors allows efficient entay, infection and replication of HIV strains with 
different tropisms. By causing the recombinant cell to express as many cell 
25 surface receptors as possible, the recombinant cell may be rendered pwmissive 
to virtually all strains of HTV, regardless of tropism. This may be accomplished 
by transfecting or transducing the cell with all cell surface receptors known to 
be involved in HTV infection or by cell fusion with cells, such as T-cells or 
monocytes, which express these receptors on the cell surface. Alternatively, by 
30 causing the recombinant cell to express certain cell surface receptors or sets of 
cell surface receptors, it is possible to design the recombinant cell to be 
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pennissive to certain strains of HIV and to not be permissive to other strains of 
HTV. Thus, by selecting which cell surface receptors are expressed, cell lines 
can be designed for screening for particular strains or groups of strains of HIV 
virus. 

S Compared to human T-cells that have been used in the art for HIV virus 

production, the recombinant cell lines of the present invention are relatively 
easier to culture, more stable, and less expensive. It has been acknowledged 
that the principle cell types targeted by HTV-l are helper T-lymphocytes and 
cells of the monocyte macrophage lineage via the CD4 receptor pathway in 

10 vivo, while in tissue culture systems, HIV are cytopathic for CEM^-lymphocytes 
and cause dysfunction of macrophages, which is directly accounted for 
depletion of T cells in the body. Since replicating HIV in infected individuals is 
readily detected in peripheral blood and lymph lodes, human peripheral 
mononuclear cells (PBMC), in particular, have been frequently used as host 

1 5 cells for HIV infection in vitro and anti-HTV drug-susceptibility testing. One of 
the disadvantages with PBMC cells is that these primary cells have to be 
obtained from donors, carefiilly cultured and freshly prepared each time. It is 
costly and inefficient to use these primary T-cells for commercial purposes. In 
addition, the permissiveness of these T-cells to different strains of HIV virus 

20 may vary with the donor, thus causing ambiguity in clinical testing. Thus, the 
recombinant cells of the present invention which can be produced in an ample 
supply, are permissive to HIV infection, relatively stable and can be cultured 
and manipulated more easily in vitro, are well suited for large scale commercial 
reproduction and use in high throughput screemng. 

25 

2. METHODS FOR DETECTING HIV IN A SAMPLE 


Methods are provided for detecting a presence of HIV virus in a sample. 

In one embodiment, the method comprises: 

30 taking a culture of recombinant cells, which (a) are capable of 

cell division, (b) express CD4 receptor and one or more additional cell 
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surface receptors necessary to allow the HIV virus to infect, (c) enable 
the HTV virus to replicate and infect the noninfected cells in the 
culture, and (d) comprise a reporter sequence introduced into the 
iccombinant cells comprising a reporter gene whose ejqpression is 
5 regulated by a protein specific to HIV viruses which is expressed from 
a genome of an HTV virus upon infection of the recombinant cell by 
the HIV virus; 

contacting tiie cell culture with a sample to be analyzed for the 

presence of HIV virus in the sample; and 
1 0 detecting a change in a level of expression of the reporter gene 

in cells in the culture, such change being indicative of the HIV virus 
being present in the sample and infecting cells in the cell culture. 

The culture of recombinant cells used m the method may be any cell 
culture which has the above described properties. The recombinant cells 
1 5 described in Section I are examples of cells having these properties and may be 
used in this method. 

Detecting a change in a level of expression of the reporter gene in the 
cells in the culture may be performed by detecting a change in a level of 
e:q)ression of the reporter gene in individual cells or a change in a level of 
20 expression of the reporter gene across the cell culture. 

In one embodiment, detecting a change in a level of expression includes 
detecting whether viral rq)lication within the cell culture has occurred. Vhal 
replication may be detected by detecting which cells are initially infected, and 
detecting a change in a level of expression of cells in the cell culture which were 

2S not initially infected. 

In another embodiment, detectii^ a change in a level of expression 
includes comparing a level of expression in cells contacted with the sample to a 
level of expression cells contacted with one or more control samples. For 
example, cells contacted with a sample not containing HIV virus can serve as a 
30 negative control, while cells contacted vwth a sample containing HIV virus, 
recombinant and stabilized HIV virus, or another virus capable of infecting the 
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cells and causing expression of the HIV specific protein, such as a modified 
adenovirus encoding Tat, can serve as a positive control. By using suitable 
controls, induction of the reporter gene expression may be better correlated with 
HIV infection. 

5 The present invention also provides a metfiod for producing recombinant 

cells and then detecting a presence of HIV virus in a sample. The method 

comprises: 

taking a culture of cells; 

adding a recombinant viral vector into the culture to transduce the cells, 

10 the recombinant viral vector comprising 

a reporter sequence, comprising a reporter gene whose 
expression is regulated by a protein specific to HIV viruses which is 
expressed fi:om a genome of an HIV virus upon infection of a cell in the 
culture that is transduced by the recombinant viral vector, and 

1 s a receptor sequence comprising a CD4 gene and one or more 

coreceptor genes, expression of the receptor and coreceptor genes 
facilitating productive infection of the transduced cell and enabling HIV 
virus which has infected the transduced cell to replicate and infect non- 
infected cells in the culture of the cells transduced by the recombinant 

20 viral vector; 

contacting the cell culture with a sample to be analyzed for the presence 
of HIV vims in the sample; and 

detecting a change in a level of expression of the reporter gene in cells in 
the culture. 

25 According to this method, the recombinant cells may be produced by 

transducing the cells with adenoviral vectors containing both the reporter gene 
and the receptor genes. Expression of these genes are episomal and thus results 
in minimum genotoxicity. In addition, adenoviral expression in the transduced 
cell is stable for a relatively long period of time (--weeks), allowing enough time 

30 for various manipulation of the cells, such as the use for detecting a presence of 

HIV in a sample of a patient. Examples of such recombinant viral vectors are 
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described in Section 6. 

The present invention also provides a method for detecting a presence of 
HIV virus in a culture of cells that are already infected by HIV or can be 
infected by HIV. The method comprises: 
5 taking a culture of cells that are capable of facilitating productive 

infection of the cells and enabling HIV virus which has infected the cells to 
replicate and infect non-infected cells in the culture of the cells; 

adding a lecombinant viral vector into the culture to transduce the cells, 
the recombinant viral vector comprising 
1 0 a reporter sequence, comiMising a reporter gene vihose 

expression is regulated by a protein specific to HIV viruses which is expressed 
from a genome of an HIV virus upon infection of the ceUs in the culture; and 

detecting a level of expression of the reporter gene in ceUs in the culture. 
According to this method, the ceUs may or may not be recombinant For 
1 5 example, a stable cell line derived from PBMC can be susceptible to mfection 
of HIV. Such a cell may already be infected by HIV or can be infected by HIV 
added into the cell culture. After the cell is transduced by the recombinant viral 
vector, expression of the reporter gene carried by the viral vector can be 
regulated by a protein specific to HIV virus, such as Tat, which can be detected 
20 by measuring the level of expression of the reporter gene. 

It is noted that regulation of the reporter gene may be up regulation or 
down regulation. Accordingly, a change in the level of expression of the 
reporter gene may be an increase or decrease in rq)orter gene expression. 

The methods described above can be used for diagnosis of HIV virus 
25 contained m variety of samples including, but are not limited to, whole blood, 
blood serum, isolated peripheral blood ceUs, T ceils, other biological fluids such 
as urine, saliva, tears and semen, as well as isolated wild-type or mutant HTV 
viruses from laboratories or clinics. For example, whole blood of individuals 
can be tested for the presence of HIV virus by using the methods described 
30 above. In addition, blood or bone manrow samples from individual donors or 
samples from pooled blood stored in blood banks can be screened for the 
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presence of HIV virus. The sensitivity of the methods to detect even a single 

HTV virion allows for the diagnosis of HTV in individuals at a very early st^e 

of HIV infection and can be used to prevent HIV-positive blood from being 

transfused into patients. 

S One advantage of using the above-described method for HTV diagnosis 

is attributed to the specific response of the recombinant cells to HIV virus only. 

Because expression of the reporter gene is specifically regulated by HIV 

specific gene products, ambiguity in diagnosis or report of false positives can be 

avoided in the clinic. On the other hand, by using the above-described method, 

10 HIV virus may be detected in those individuals who are infected by HIV but do 

not have detectable levels of serum antibody (seronegatives), thereby reducing 

the incidents of false negatives which may arise from using antibody-based 

detection methods. 

The methods described above can also be used to amplify HTV virus, 

IS especially strains with low occurrences in the blood sample and evasive to other 

detections. With the replication and amplification of the HIV virus in the 

recombinant cells, HTV virus with higher titer can be generated in the cell 

culture and isolated for further studies such as cloning of novel HTV strains. 

The methods described above can also be used to differentiate strains or 

20 tropisms of HTV viruses in a sample by using recombinant cells selectively 

expressing certain HIV coreceptors. For example, CXCR4 coreceptor which is 

required by T-tropic strains can be selectively expressed in a first recombinant 

cell line to allow infection of T-tropic strains of HIV. Meanwhile, since M- 

tropic strains require CCRS coreceptor to infect cells, a second recombinant cell 

25 line can be constructed to selectively express CCRS to allow infection of M- 

tropic strains of HTV. By having the first and second recombinant cell lines 

expressing difTerent coreceptors, the first and second recombinant cell lines can 

selectively detect T-tropic, M-tropic or dual-tropic strains in the presence of 

other strains of HIV virus. 

30 Ahernatively, the first recombinant cell line may include a first reporter 

gene such as GFP, while the second recombinant cell Une may include a second 
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reporter gene such as EBFP. When the first and second c^Ulines are mixed in 
one culture and contacted by a sample containing HTV virus with unknown 
tropism, selective expression of one reporter gene may indicate single tropism 
of the virus, while expression of both reporter genes may indicate dual tropism. 
5 Different fluorescences emitted by the first and second cell lines observed 
under microscope can facilitate independent identification of each cell line in 
one culture. 

The methods described above can also be used for quantitative analysis 
of HIV virus in a sample. For example, by usmg control samples with varying 
1 0 titers, the vind load can be readily calculated by comparing to the control 
samples. Alternatively, the viral titer of a sample can also be determined by 
serially diluting the sample until end point infection is achieved in multiple cell 
culture plates, i.e. some of the cell culture plates are infected while the other 
plates are not infected by the diluted sample. 

15 

3. METHODS FOR DETECTING mV DRUG RESISTANCE 

Methods are also provided for detecting HIV drug resistance in a 

sample. These methods may be used to detect whether a course of treatment for 

20 HIV infection with one or more drugs is ineffective due to the presence of one 

or more strains of HIV which are resistant to the one or more drugs being used. 

These methods may also be used to isolate HIV strains which are resistant to 

one or more anti-HIV agents. 

In one embodunent, the method comprises: 

25 taking a culture of recombinant cells, which (a) are capable of 

cell division, (b) express CD4 receptor and one or more additional cell 

surface receptors necessary to allow the HTV vurus to infect, (c) enable 

the HIV virus to replicate and infect the noninfected cells in the 

culture, and (d) comprise a reporter sequence introduced into the 

30 recombinant cells comprising a reporter gene whose expression is 

regulated by a protein specific to HIV viruses which is expressed from 
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a genome of an HIV virus upon infection of the recombinant cell by 
the HTV virus; 

contacting the cell culture with a sample containing HTV virus; 
adding one or more anti-HIV agents to the cell culture either 
S before or after contacting the cell culture with the sample; and 

detecting a change in a level of expression of the reporter gene 
in the cells. 

In another embodiment, a method is provided for detecting HTV drug 
resistance in a sample. The method comprises: 
10 taking a culture of cells that are infected by HIV virus, the cells being 

capable of facilitating productive infection of the cells and enabling HIV virus 
which has infected the cells to replicate and infect non-infected cells in the 
culture of the cells; 

adding a recombinant viral vector into the culture to transduce the cells, 
1 5 the recombinant viral vector comprising 

a reporter sequence, comprising a reporter gene whose 
expression is regulated by a protein specific to the HTV viruse which is « 
expressed firom a genome of an HIV virus upon infection of the cells in the 
culture; 

20 adding one or more anti-HIV agents to the cell culture; and 

detecting a change in a level of expression of the reporter gene in cells. 
According to this embodiment, the cells may or may not be 
recombinant. Prior to transduction of the cells with recombinant viral vector, 
the cells are abeady infected by HTV or can be infected by adding HTV into the 

2S cell culture. After the cells are transduced by the recombinant viral vector, 
expression of the reporter gene carried by the vector can be regulated by a 
protein specific to HIV such as Tat. Detection of the change in the level of 
reporter gene expression in the presence and absence of the anti-HIV agent 
should provide information on HIV resistance to such an agent. 

30 Anti-HIV agents used in the methods may be any agents with known 

anti-HIV activities, either tested preclinically or clinically. Examples of anti- 
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HIV agents which may be used to screen for HIV drug resistance include, but 
are not limited to, nucleoside HIV RT inhibitors such as ZIDOVUDINE, 
DIDANOSINE, ZALCITABINE, LAMIVUDINE, STAVUDINE, 
ABACAVIR, nonnucleoside RT inhibitors such as NEVIRAPINE, 

5 DELAVIRDINE, EFAVIRENZ, protease inhibitors such as INDINAVIR, 
RITONAVIR, SAQIN AVIR, NELFIN AVIR, AMPRENAVIR, HIV integrase 
inhibitors, HIV fusion inhibitors and combinations thereof. 

The culture of recombinant cells used in the method may be any cell 
which has the above described properties. The recombinant cells described in 

1 0 Section I are examples of cells having these properties and may be used m this 
method. 

Detecting a change in a level of expression of the reporter gene in the 
cells in the culture may be performed by detectmg a change in a level of 
expression of the reporter gene in individual cells or a change in a level of 
1 5 expression of the reporter gene across the cell culture. 

In one embodiment, detecting a change in a level of expression includes 
detecting whether viral replication within the cell culture has occurred. Viral 
replication may be detected by detecting which cells are initially infected, and 
detecting a change in a level of expression of cells in the cell culture which were 
20 not initially infected. 

In another embodiment, detecting a change in a level of expression 
includes comparing a level of expression in cells contacted with the sample to a 
level of expression cells contacted with one or more control samples. For 
example, cells contacted with a sample containing HIV virus but not with the 
25 one or more mti-HIV agents can serve as a negative control, while cells 

contacted with a sample containing a HTV virus that is not known to be resistant 
to the one or more anti-HI V agents added may preferably serve as a positive 
control. By using suitable controls, induction of the reporter gene expression 
may be better correlated with the resistance of the HIV virus to the agents. 
30 It is noted that regulation of the reporter gene may be up regulation or 

down regulation. Accordingly, a change in the level of expression of the 
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reporter gene may be an increase or decrease in reporter gene expression. 

In one variation of this embodiment, the cell culture is contacted with 
one or more anti-HIV drugs before being contacted with a sample containing 
the HIV virus. Alternatively, the cell culture may be contacted with one or 

5 more anti-HIV drugs after bemg contacted with a sample containing the HIV 
virus and incubating for a time sufficient for the HTV virus replication to occur. 
This may be particularly advantageous for the initial amplification of the HTV 
virus with low titer in the sample before being tested for drug resistance. 

The methods described above can be used to detect drug resistance of 

10 HIV virus contained in patient samples, isolated virus stocks or laboratory- 
adapted HIV strains. Owng to ultra sensitivity of the recombinant cells to a 
single HIV virion, the strains of HTV virus that escape the drug regimen or the 
ones that are not predominant circulating variants can replicate in the cell 
culture and be isolated for further genotypical analysis. 

1 5 In comparison, the methods that have been used to detect anti-HIV drug 

resistance are less sensitive, time-consuming and technically demanding. The 
currently used methods include genotypic assays for detecting HIV genome 
mutation based on PGR amplification of the viral RNA followed by sequencing 
of the amplified DNA templates, and phenotypic assays based on recombinant 

20 HIV virus (Hirsch, M. S. (1998) JAMA 279: 1964-1991). While the most 

sensitive PCR-based assay that has been developed may not be sensitive enough 
to detect plasma HIV RNA below 50 copies/mL, false positivity for mutations 
may be generated due to carry over firom other HIV samples in the laboratory or 
from random polymerase errors during PGR. The recombinant virus assay 

25 requires a first RT-PGR amplification of plasma HIV RNA at more than 1000 
copies/mL, cloning the viral cDNA into an HIV vector, and then growing up the 
virus in permissive cell line. The whole process may take more than two weeks 
to generate results md demand for highly skilled personnel to perform the test 

30 Thus, the methods provided in the present invention are more sensitive 

for detecting replicating HTV virus (at only about 5 virions/mL), more efficient 
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for testing for HIV drug resistance (less than a week), and more economic for 
high throughput screening. 

4. METHODS FOR DESIGNING PATIENT CUSTOMIZED 
5 HIV COCKTAIL TREATMENTS 

Methods are also provided for taking a patient known to be mfected with 
one or more strains of the HIV virus and detemiining what combination of one 
or more anti-HIV agents will be effective in treating the patient. These methods 

1 0 can be used when a patient is initially being treated with anti-HTV agents or 
after a patient has been treated for a period of time with one or more anti-HTV 
agents and one or more resistant strains may have developed resistance to the 
anti-HIV agents being used. 

In one embodiment, the method comprises: 

1 5 taking a plurality of cell cultures, each of the cultures 

containing recombinant cells (a) are capable of cell division, (b) 
express CD4 receptor and one or more additional cell surface receptors 
necessary to allow the HIV virus to infect, (c) enable the HIV virus to 
replicate and infect the noninfected cells in the culture, and (d) 

20 comprises a reporter sequence introduced into the recombinant cells 
comprising a reporter gene whose expression is regulated by a protein 
specific to HIV viruses which is expressed from a genome of an HIV 
vims upon infection of the recombinant cell by the HIV virus; 

contacting the cell cultures with a sample containing the HTV 

25 virus; 

adding a different set of one or more anti-HIV agents to each of 
the cell cultures, either before or after contacting the cell cultures with 
the sample; and 

comparing expression of the reporter gene in the plurality of 
30 cell cultures. 

In one variation, each cell culture of the plurality is contacted with a 
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different set of one or more anti-HIV agents before being contacted with a 
sample containing the HTV virus. 

In another variation, each cell culture of the plurality is contacted with a 
different set of one or more anti-HTV drugs after being contacted with a sample 
S containing the HIV virus and incubating for a time sufiBcient for fhe HIV virus 
replication to occur. 

The anti-HTV agents can be any agents with known anti-HIV activities, 
such as the ones described in Section 3, and combinations thereof. 

The culture of recombinant cells used in the method may be any cell 
which has the above described properties. The recombinant cells described in 
Section I are examples of cell having these properties and may be used in this 
method. 

Detecting a change in a level of expression of the reporter gene in the 

cells in the culture may be performed by detecting a change in a level of 

expression of the reporter gene in individual cells or a change in a level of 

expression of the reporter gene across the cell culture. 

In one embodiment, detecting a change in a level of expression includes 

detecting whether viral replication within the cell culture has occurred. Viral 

replication may be detected by detecting which cells are initially infected, and 

detecting a change in a level of expression of cells in the cell culture which were 

not initially infected. 

In yet another variation of this embodiment, the method further includes 

comparing the change in the level of expression of the reporter gene \^en 

different or no anti-HIV agents are used. For example, a recombinant cell 

culture that is contacted with the sample containing the HIV virus but not with 

the one or more anti-HTV agents can serve as a negative control, while a 

recombinant cell culture that is contacted with a sample containing HTV virus or 

a modified adenovirus, and the one or more anti-HIV agents can serve as a 

positive control. By using suitable controls, inhibition of the reporter gene 

expression may be better correlated with anti-HIV efficacy of the agents. 

It is noted that regulation of the reporter gene may be up regulation or 
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down regulation. Accordingly, a change in the level of expression of the 
reporter gene may be an increase or decrease in reporter gene expression. 

In one variation of this embodiment, the cell culture is contacted with 
one or more anti-HIV agents before being contacted with a sample containing 

5 the HIV vims. Alternatively, the ceU culture may be contacted with one or 
more anti-HIV agents after being contacted with a sample containing the HIV 
virus and incubating for a time sufficient for the HIV virus replication to occur. 
Such preamplification of the HIV virus may be advantageous for patient 
samples containing lower titer of the HIV virus to be tested against the anti-HIV 

10 agents. 

The methods provided in this section can be used for screening an anti- 
HIV agent or agent combinations that are most active in inhibiting HIV viral 
infection and/or replication. The screening can be conducted against virtually 
all strains of HIV virus, regardless of their genotypes or tropisms. The results 

15 generated can help the physician of HIV infected patients monitor HIV drug 
resistance, optimize the drug regimen and use the most efficacious drug 
"cocktail" to treat the patient. By using such drug cocktails customized for each 
. individual patient and adjusted during the course of the treatment, physicians 
may successfully prevent the HIV virus from developing drug resistance. 

20 Furthermore, physicians can avoid unnecessary side effects and drug toxicity 
that would otherwise arise from treating a patient with ineffective anti-HIV 
agents. 

The ample and stable supply of the recombinant cells used in these 
methods, as well as the ease of culturing the cells, enables one to use the 

25 methods provided in this section in a high throughput screening format to test 
many more drug cocktail combinations than would otiierwise have been 
possible. Furthermore, because the HIV virus contained in the sample from a 
patient may potentially harbor drug resistances strains, conventional drug 
screening may not have been effective in finding the optimum drug regimen. 

30 By using tiie metiiods provided in tiiis section, tiie most efficacious drug 
regimen may be readily identified by designing and testing exhaustive 
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combinations of different drugs that target different components of the HIV 
virus or HTV receptors. 

5. METHODS FOR SCREENING COMPOSITIONS 
5 FOR ANTI-HIV ACTIVITY 

The present invention also relates to methods for screening compositions 
which are not known to have anti-HIV activity for anti-HTV activity. As used 
herein, a composition is intended to refer to any composition of matter, 

10 including single molecules, macropiolecules such as proteins and nucleotides, 
or combinations of two or more molecules or macromolecules. In one 
embodiment, the method comprises: 

taking a culture of recombinant cells, which (a) are capable of 
cell division, (b) express CD4 receptor and one or more additional cell 

15 surface receptors necessary to allow the HIV virus to infect, (c) enable 
the HFV virus to replicate and infect the noninfected cells in the 
culture, and (d) comprise a reporter sequence introduced into the 
recombinant cells comprising a reporter gene whose expression is 
regulated by a protein specific to HIV viruses which is expressed from 

20 a genome of an HIV virus upon infection of the recombinant cell by 
the HIV virus; 

contacting the cell culture with a sample containing the HIV 

virus; 

adding one or more agents whose anti-HTV activity are 
25 unknown to the cell culture either before or after contacting the cell 
cultures with the sample; and 

detecting a change in a level of expression of the reporter gene 
in the cells in the culture. 

The culture of recombinant cells used in the method may be any cell 
30 culture which has the above described properties. The recombinant cells 

described in Section I are examples of cells having these properties and may be 
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used in this method. 

The agents can be any anti-HIV drag candidates from natural souices or 
synthetically generated. The agents can be any agent targeting any components 
of the HIV virus, such as RT inhibitors, protease inhibitors, antisense and 
5 ribozyme oligonucleotides against HIV mRNA or viral RNA genome, decoys of 
TAR sequence or RRE (rev response element), competitive inhibitors like 
soluble CD4, Gag or Env protein mutants, and agents that bind to HIV receptor 
or coreceptors and block the entry of HIV into the host cells. 

Detecting a change in a level of expression of the reporter gene in the 
1 0 cells in the culture may be performed by detecting a change in a level of 
expression of the reporter gene in individual cells or a change in a level of 
expression of the reporter gene across the cell culture. 

In one embodiment, detecting a change in a level of expression includes 
detecting whe&er viral replication within the cell culture has occurred. Viral 
1 5 replication may be detected by detecting which cells are initially infected, and 
detecting a change in a level of expression of ceUs in the cell culture which were 

not initially infected. 

In another embodiment, detecting a change in a level of expression 
includes comparing a level of expression in a sample to a level of expression in 
20 one or more control samples. For example, a recombinant cell culture that is 
contacted with a sample containing HIV virus but not with any potentially anti- 
HTV agents can serve as a negative control, whUe a recombinant cell culture that 
is contacted with a sample containing an HTV virus and the one or more agents 
that are known to have anti-HIV activity can serve as a positive control. By 
25 using suitable controls, regulation of the reporter gene expression may be better 
correlated with anti-HIV efBcacy of the agents. 

It is noted that regulation of the reporter gene may be np regulation or 
down regulation. Accordingly, a change in the level of expression of the 
reporter gene may be an increase or decrease in reporter gene expression. 
30 In one variation of this embodiment, the cell culture is contacted with 

one or more agents before being contacted with a sample containing the HIV 
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vims. Alternatively, the cell culture may be contacted with one or more agents 
after being contacted with a sample containing the HIV virus and incubating for 
a time sufficient for the HTV virus replication to occur. This may be 
particularly advantageous for the initial amplification of the HIV virus with low 

S titer in the sample before being tested against the agents. 

The methods described above can be used for high throughput screening 
for anti-HIV drug candidates against various HIV containing samples, 
especially for libraries of compounds generated by combinatorial chemistry. 
These methods may be performed in any format that allows rapid preparation 

10 and processing of cells contained in multiple-well plates, such as 96-well plates. 
Stock solutions of the test agent as well as other assay reagents may be 
prepared manually and all subsequent pipetting, diluting, mixing, washing, 
incubating, sample readout and data collecting may be done using commercially 
available robotic pipetting equipment, automated work stations, analytical 

1 S instruments for detecting the signal generated by the assay. Examples of such 
detectors include, but are not limited to, spectrophotometers, colorimeters, 
luminometers, fluorometers, and devices that measure the decay of 
radioisotopes. 

The methods described above are particularly cost-effective for use in 
20 high throughput screening because the recombinant cells are immortalized, easy 
to culture and more stable, compared to primary human cells such as PBMC 
cells. Furthermore, effects of multiple agents at multiple doses on HIV 
infection and replication can be directly monitored by detecting levels of 
reporter gene products in the 96-cell culture plates on a colorimetric or 
2S fluorescence plate reader. 

6. CONSTRUCTION OF RECOMBINANT CELL LINES 
ACCORDING TO THE PRESENT INVENTION 

30 The recombinant cell lines used in the present invention can be 

constructed by using a variety of methods. The recombinant cell may be 
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constructed by transfecting a host cell with several plasmids or vectors 
individuaUy canying the reporter gene and receptor genes. Alternatively, the 
recombinant cell may be generated by transfecting the host cell with a single 
plasmid or a replication incompetent viral vector canying both the reporter and 
5 the receptor genes. 

a) Host Cell Lines 

The recombinant cell lines used in the present invention can be 
constructed fiom a wide variety of immortalized cell lines. In one embodiment, 
10 the recombinant cells are immortalized tumor cells. One of the advantages 
associated with using tumor cells is that tumor cells undergo relatively fest ceU 
cycling or division, which may further enhance replication and amplification of 
the virus in the culture. The inunortalized tumor cell lines can be generated 
fi:om primary tumor cells or from established tumor cell Unes. Alternatively, 
15 normal cells can also be used so long as the cells are immortalized. Examples 
include but are not limited to human transfonned primary embryonal kidney 
293 cells, primary cells immortalized by transfection with telomerase gene 
(Bodnar, A.G. et al. (1998) Science 279:349-352) and normal cells 
immortalized by SV40 tranformation. These inmiortalized cells can proliferate 
20 indefinitely, thus providing an ample and economic supply of cells. 

Optionally, cell that expresses CD4 or a coreceptor (e.g. CXCR4 and 
CCR5) naturally, but at a low level, may also serve as the host cell according to 
the present invention. For example, Hud78 or CME-NKR cells express CD4 
and a low level of CXCR4 may be used for the production of the recombinant 
25 cells of the present invention. 

b) Individual Vectors for the Reporter a nd Receptor Genes 
In order to create a cell line which is permissive to HIV infection, CD4 
and one or more other HIV receptors may be transfected, transduced or 
30 othwwise introduced into the immortalized host cells first. The one or more 
other HIV receptors preferably include CXCR4 and CCR5 receptors. The 
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reporter gene for detecting HTV infection is then transferred into the host cells 
expressing CD4 and one or more HTV receptors. 

CD4 receptor is believed to be the primary receptor for HIV entry into 
the host cell. It has recently been discovered that specific chemokine receptors 

S such as CXCR4 and CCRS receptors play important roles in mediating HIV 
entry and tropism for different target cells (reviewed by Berger, E. a. (1997) 
AIDS 1 1, Suppl. a: S3-S16; Dimitrov, D.S. (1997) Cell 91: 721-730). 
Macrophages-tropic (M-tropic) strains of HTV virus can replicate in primary 
CD4^ T cells and macrophages and use the beta-chemokine receptor CCR5 and 

1 0 less often, CCR3 receptor. T cell line-tropic (T-tropic) HIV strains can also 
replicate in primary CD4* T cells but can in addition infect established CD4* T 
cell lines in vitro via the alpha-chemokine receptor CXCR4. Many of the T- 
tropic strains can use CCRS in addition to CXCR4. Chemokine receptor-like 
HIV coreceptor STRL33 is expressed in activated peripheral blood lymphocytes 

1 S and T-cell lines and can function as an entry cofactor for Env proteins from M- 
tropic, T-tropic and dual tropic strains of HIV-1 and SIV. Other HTV 
coreceptors have also been identified by numerous m vitro assays, including 
chemokine receptors CCR2b, CCR3, CCRS and CX3CR1 as well as several 
chemokine receptor-like orphan receptor proteins such as GPR15/B0B and 

20 STRL33/BONZO. Each or a set of these HIV coreceptors can mediate entry of 
different strains of HIV virus into the host cell. By transfecting, transducing or 
otherwise introducing these receptors into the inmiortalized cell line, the host 
cell line can be rendered permissive to HIV strains with broad-spectrum 
tropisms. In particular, by cell-cell fiision of the immortalized cell with cells 

25 expressing cell surface receptors known to be involved in HTV infection such as 
T-cells or monocytes, the inmiortalized cell can be transduced with various HIV 
receptors simultaneously. 

By transfecting, transducing or otherwise introducing a selected set of 
coreceptors into an immortalized cell line or selectively expressing certain 

30 coreceptors on the cell surface, a cell line can be designed which is permissive 

to certain strains of HTV and is not be permissive to other strains of HIV. For 
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example, CXCR4 coreceptor which is required by T-liopic strains can be 
selectively expressed in the recombinant cells to allow infection of T-tropic 
strains of HIV. Meaijwhile, M-tropic strains require CCR5 coreceptor to infect 
cells. By having the recombinant cells not express CCR5 coreceptor, the 
5 recombinant cell line can selectively detect T-tropic strains in the presence of 

M-tropic strains. 

In order to detect HIV infection with a high level of sensitivity, a 
"molecular switch" with high induction ratio is introduced into the immortalized 
cell line expressing CD4 receptor and the one or more additional HIV receptors. 
10 The molecular switch comprises a reporter gene whose expression is induced 
when the cells are infected by HIV. Various reporter genes can be used 
including lacZ (encoding D-galactosidase), luciferases gene. CAT gene, SEAP 
gene, and genes encoding fluorescent proteins such as green fluorescent protein 
(GFP), enhanced blue fluorescent protein (EBFP). enhanced yeUow fluorescent 
1 5 protein (EYFP) and enhanced cyan fluorescent protein (ECFP). 

The promoter region for the reporter gene contains a basic promoter and 
a single or multiple copies of HIV specific enhancer sequence. The basic 
. promoter can be any cellular or viral basic promoters such as the basic promoter 
regions of O-actin promoter, insulin promoter, human cytomegalovirus (CMV) 
20 promoter, HIV-LTR (HIV-long terminal repeat). Rous sarcoma virus RSV- 
LTR, and simian virus SV40 promoter. The HIV specific enhancer sequence 
can be any sequence that can regulate the expression of the reporter gene via 
direct or indirect interaction with one or more HIV specific gene products. For 
example, the responsive element (TAR) for HIV tiansactivator protein Tat can 
25 be used to enhance the expression of the reporter gene. Upon infection of HIV, 
Tat expressed from the viral genome binds to TAR sequence and, coupled with 
the basic promoter, induces expression of the reporter gene. More tiian one 
copy of TAR sequence can be linked to fiirther enhance expression of tiie 
reporter gene and raise the induction ratios. 
30 Alternatively, expression of tiie reporter gene can be induced by protein- 

protein interactions between an HIV gene product, a DNA-binding protein (e.g. 
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GAL4 DNA binding domain), a transactivator protein (e.g. VP 16 transactivator 
domain derived from herpes sin^lex virus) that are expressed by the host cell. 
Upon binding of the HTV specific gene product to the DNA binding protein as 
well as to the transactivator protein, reconstitution of a transcription fisu^tor is 

S achieved by bringing the DNA-binding protein and the transactivator protein 
into close approximately. The reconstituted transcription factor can then 
activate downstream reporter gene expression via the specific binding between 
the enhancer sequence (e.g. GAL4 enhancer sequence) upstream of the basic 
promoter with the DNA binding protein. 

10 It should be noted that expression of a reporter gene can also be 

indirectly regulated by an HTV specific protein. For example, transcription of 
the reporter gene can be under the control a strong promoter, such as the 
bacteriophage T7 or SP6 promoters, while expression of T7 or SP6 polymerase 
is regulated by a promoter comprising a basic promoter and an HIV specific 

1 S enhancer sequence. Upon binding of the HTV specific protein to the enhancer 
sequence, expression of T7 or SP6 polymerase is enhanced. As a result, T7 or 
SP6 polymerase expressed in the cell can then bind to the T7 or SP6 promoter 
upstream of the reporter gene and induce expression of the reporter gene in the 
cell. 

20 Various methods can be used to introduce genes into the immortalized 

cells. Examples of methods that may be used include, but are not limited to, 
calcium phosphate-mediated direction transfection, liposome-assisted 
transfection, and virus-mediated transfection. HIV receptors can also be 
introduced into the host cell through cell fiision with natural cells expressing 

25 these receptors on the cell surface. Clones of cells expressing the transfected 
genes may be selected by antibiotics such as hygromym, G418, zeocin, etc., or 
based on herpes simplex virus tk gene. Expression of each receptor gene may 
be confirmed by Western blot to detect the protein with an antibody. Northern 
blot to detect the RNA with a nucleotide probe, or by FACS using the HIV 

30 receptor expressed on the cell surface as antigens. 

Two examples of plasmid vectors containing HIV receptor genes and a 
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reporter gene are diagramed in Figure 1 A and IB. 

As illustrated in Figure 1 A, CD4 and HIV co-receptors are expressed 
&om SV40 early and late promoters in opposite directions. Genes encoding 
CD4 and CCR5 receptors are expressed from SV40 early promoter by a splicing 

5 mechanism at the SA sites. Genes encoding CXCR4 and hygromycm resistance 
are expressed bicistronically from SV40 late promoter with Hygro being 
separated by an internal ribosome entry site (IRES). Expression of hygromycin 
resistance gene enables selection of the cell. The plasmid also contains 
piokaryotic replication origin and ampicillin-resistance gene for DNA 

1 0 propagation in bacteria. The reporter gene is carried by a separate plasmid that 
contains a second selection gene (tk). The two plasmids may be co-transfected 
into HeLa cells sunultaneously or sequentially. Cell clones expressing all of the 
transfected genes can be selected with antibiotics accordmgly. 

Genes encoding HIV receptor and coreceptors may also be ejqpressed 

1 5 from the two retroviral vectors illustrated in Figure IB. The receptors gene are 
expressed from the murine'leukemia virus (MLV) LTR-promoter, each protein 
is expressed from a spliced mRNA or from an IRES (B.l). The reporter 
sequence is carried by a second retroviral vector. Transcription of the reporter 
gene is in the opposite direction of the MLV LTR promoter with the enhancer 

20 sequence deleted in order to prevent unregulated expression from the LTR 
promoter (B.2), 

These vectors are packaged into infectious but replication-incompetent 
virions by using a packaging cell line, such as those stable or transient 
production lines based on the 293T cell line. The packaging cell line expresses 
25 all the necessary proteins. Gag, Pol and Env, that are required for packaging, 
processing, reverse transcription, and integration of recombinant retroviral 
genome containing the Psi packagmg signal. 

The retroviral vectors are transfected into the packaging cell line. The 
virions produced in the packaging cells are then collected and used to infect a 
30 target cell. Since the virons are replication-incompetent, the genes carried by 
the retroviral vectors are stably integrated into the target cell genome and can be 
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expressed under the control of the upstream promoter without producing 
infectious virions. The cells expressing all of the transduced genes can be 
selected with antibiotics and confirmed by Northern, Western blots or FACS 
accordingly. Alternatively, the cells expressing the reporter sequence can be 
S selected by infecting the cell culture with a modified adenovirus carrying HTV 
specific gene such as tat 

It should be noted that expression of HTV receptors can also be 
controlled by an inducible promoter such as a tetracycline responsive element 
TRE. For example, one or more of the HIV coreceptors can be selectively 

10 presented on the cell surface by a controlled expression using the Tet-on and 
Tet-off expression systems provided by Clontech (Gossen, M. and Bujard, H. 
(1992) Proc. Natl. Acad. Sci. USA 89: 5547-5551). In the Tet-on system, gene 
expression is activated by the addition of a tetracycline derivative doxycycline 
(Dox), whereas in the Tet-off system, gene egression is turned on by the 

1 5 withdrawn of tetracy line (Tc) or Dox. Any other inducible mammalian gene 
expression systems may also be used. Examples include systems using heat 
shock factors, steroid hormones, heavy metal ions, phorbol ester and interferons 
to conditionally expressing genes in manunalian cells. 

20 c) Recombinant Vector Svstems for Constructing the Recombinant 

Cells 

Recombinant vector system may also be used for transferring the 

reporter and receptor genes into the host cells to produce the recombinant cells 

according to the present invention. The vector may be a plasmid or a virus. 

25 The recombinant vector system may consist of a single vector or a plurality of 

recombinant vectors. 

In one embodiment, a single recombinant plasmid is used to transfer the 

reporter and receptor genes into the host cell. The plasmid comprises: a reporter 

sequence comprising a reporter gene whose expression is regulated by a protein 

30 specific to HIV viruses which is expressed fi'om a genome of an HIV virus upon 

infection of a cell transfected with the recombinant plasmid; and a receptor 
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sequence comprising a CD4 gene and one or more coreceptor genes, the 

expression of the receptor and coreceptor genes fiwsilitating productive infection 

of the transfected cell and enabling HTV virus which has infected the transfected 

cell to replicate and infect non-infected cells in a culture of the cells transfected 

5 with the recombinant plasmid. 

Several non-viral methods can be used to transfer the recombinant 

plasmid into the host cells. Examples of non-viral methods include, but are not 

limited to calcium phosphate precipitation, electroporation, direct 

microinjection, DNA-loaded liposomes and lipofectamine-DNA complexes, cell 

1 0 sonication, gene bombardment using high velocity microprojectiles, and 

receptor-mediated transfection. 

In a preferred embodiment, the single vector system is based on a 

recombinant virus, such as a modified or recombmant retrovirus, an adenovirus, 

an adeno-associated viruses, a vaccima virus, and a herpes simplex virus. The 

1 5 single viral vector system comprises: a reporter sequence comprising a reporter 

gene whose expression is regulated by a protein specific to HTV viruses which 

is expressed from a genome of an HIV virus upon infection of a cell transduced 

by the recombinant virus; and a receptor sequence comprising a CD4 gene and 

one or more coreceptor genes and the expression of the receptor and coreceptor 

20 genes facilitating productive infection of the transfected cell and enabling HIV 

vmis which has mfected the transduced cell to replicate and infect non-infected 

cells in a culture of the cells transduced by the recombinant virus. 

The recombinant virus is preferably replication defective or replication 

incompetent. These viruses enter the host cells via receptor-mediated 

25 endocytosis, transfer foreign gene into the nucleus, and express the foreign and 

viral genes there. The transduction efiBciency of a viral vector system is 

generally higher than the transfection efficiency of a non-viral vector system. 

For retroviruses, the viral genome integrates into the host cell genome in 

a non-specific manner and expresses the foreign and viral genes stably and 

30 efBciently in transduced host cells. To construct a retrovu-al vector, a nucleic 

acid encoding the reporter and receptor genes is inserted into the viral genome 
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in the place of certain vital sequences to produce a virus that is replication- 
defective. Virions containing the inserted gene are produced in a packaging cell 
line containing the gag, pol, and env genes but lacking the LTR and psi 
components. When a recombinant plasmid containing the inserted gene, 

S togetiier with the retroviral LTR and psi sequences is introduced into this cell 
line (by calcium phosphate precipitation, for example), the psi sequence allows 
the RNA transcript of the recombinant plasmid to be packaged into viral 
particles, which are then secreted into the culture media. The media containing 
the recombinant retrovirus is then collected, optionally concentrated, and used 

1 0 for transferring the reporter and receptor genes into the host cell to produce the 
recombinant cells of the present invention. 

In more preferred embodiment, the single vector system is a 
recombinant adenoviral vector that is replication incompetent. Compared to 
retroviruses, one of the advants^es of an adenoviral vector is that infection of 

1 S adenoviral DN A into host cells does not result in chromosomal mtegration 

because adenoviral DNA can replicate in an episomal manner without potential 
genotoxicity. Also, adenovirus is structurally stable, and no genome 
rearrangement has been detected after extensive amplification. Adenoviral 
vectors can infect a variety of cells regardless of their cell cycle stage. 

20 Adenoviral vectors have been safely used in gene therapy trials in which 
patients have tolerated 10'^ infectious particles instilled into the lungs. A 
replication defective adenoviral vurus that is dried into powder can be 
transported and stored safely for an extended period time without losing its 
infectability. 

25 Adenovirus is particularly suitable for use as a gene transfer vector 

because of its mid-sized genome, ease of manipulation, high titer, wide target 
cell-range, and high infectivity. Both ends of the viral genome contain 100-200 
base pair inverted terminal repeats GTL), which are cis elements necessary for 
viral DNA replication and packaging. The early (E) and late (L) regions of the 

30 genome contain different transcription units that are divided by the onset of 
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viral DNA replication. The El region (El A and ElB) encodes proteins 
responsible for the regulation of transcription of the viral genome and a few 
cellular genes. The expression of the E2 region (E2A and E2B) results in the 
synthesis of the proteins for viral DNA replication. These proteins are involved 

5 in DNA replication, late gene expression, and host cell shut off. The products 
of the late genes, including the majority of the viral capsid proteins, are 
expressed only after significant processing of a smgle primary transript issued 
by the major late promoter (MLP). The MLP is particularly efficient during the 
late phase oif infection, and all the mRNAs issued form this promoter possess a 

10 5* tripartite leader (TL) sequence which makes them preferred mRNA for 
translation. 

Generation and propagation of a replication incompetent adenoviral 
vector is carried out in a helper cell line. A helper cell line expresses the 
essential genes, such as El , E2, E4 or late genes, that have been deleted ftom 
15 the viral vector. Helper cell lines may be derived from human cells such as 

human embryonic kidney cells (e.g. 293 cells), muscle cells, hematopoietic cells 
or other human embryonic mesenchymal or epithelial cells. Altenatively, the 
* helper cells may be derived from the cells of other mammalian species that are 
permissive for human adenovirus. Such cells include, e.g. Vero cells or other 
20 monkey embryonic mesenchymal or epithelial cells. 

The recombinant adenoviral vector may be derived from any of the 
serotypes or subgroups A-F. Adenovirus type 5 of group C may be the 
preferred starting material in order to obtain the replication incompetent 
adenoviral vector for constructing the recombinant cells of the present 
25 invention. This is because adenovirus type 5 is a human adenovirus about 

which a great deal of biochemical and genetic information is known, and it has 
historically been used for most constructions employing adenovirus as a vector. 

The recombinant adenoviral vector comprises: a reporter sequence 
comprising a reporter gene whose expression is regulated by a protein specific 
30 to HIV viruses which is expressed from a genome of an HIV virus upon 
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infection of a cell transduced by the recombinant adenoviral vector; and a 
receptor sequence comprising a CD4 gene and one or more coreceptor genes, 
expression of the receptor and coreceptor genes facilitating productive infection 
of the transduced cell and enabling HIV virus which has infected the transduced 

S cell to replicate and infect non-infected cells in a culture of the cells transduced 
by the recombinant adenoviral vector. 

The recombinant adenoviral vector may be replication incompetent but 
carry an adenoviral packaging signal. The adenoviral vector carries genes 
encoding HTV receptors, such as CD4, CXCR4 and CCR5, as well as a reporter 

10 gene such as □-galactosidase, luciferase, beta-glucuronidase, chloramphenicol 
acetyl transferase (CAT), fluorescent protein (e.g. GFP and BFP), secreted 
embryonic alkaline phosphatase (SEAP), hormones and cytokines. The vector 
may also carry a gene encoding an interleukin (e.g. IL-2 and IL-12) that renders 
the transduced cells more susceptible to HIV infection. The vector may also 

1 5 carry a eukaryotic polyadenylation sequence such a SV40 polyadenylation site 
or a bovine growth hormone (BGH) polyadenylation site. 

The genes encoding the HIV receptors may be placed imder 
transcriptional control of a constitutive (e.g. CMV and SV40) or an inducible 
(e.g. tetracycline-inducible) promoter located in the El region of the adenoviral 

20 vector near the left terminal repeats (L-TR). The reporter sequence may be 
positioned in the right end of the recombinant adenoviral vector, for example, 
in the E4 region of the recombinant adenoviral vector near the right terminal 
repeats (R-TR). 

It should be noted that various HTV receptors may be transferred into the 
25 cells by a single recombinant viral vector carrying all of the HIV receptors as 
described above. Alternatively, the receptor genes may be carried by multiple 
recombinant viral vectors, each containing one or more HIV receptors to confer 
upon the cell different tropisms. 

The present invention also provides a kit for producing the recombinant 
30 cells described above. The kit comprises: a recombinant viral vector and a cell 
line capable of being infected by the vector, the recombinant viral vector 
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comprising a reporter sequence comprising a reporter gene whose expression is 
regulated by a protein specific to HIV viruses which is expressed from a 
genome of an HIV virus upon infection of a cell m the cell line that is 
transduced by the recombinant viral vector, and a receptor sequence comprismg 
5 a CD4 gene and one or more coreceptor genes, expression of the receptor and 
coreceptor genes facilitating productive infection of the transduced cell and 
enabling HIV virus which has infected the transduced cell to replicate and infect 
non-infected cells in a culture of the cells transduced by the recombinant viral 
vector. 

1 0 The present invention also provides a method for producing recombinant 

cells for detecting a presence of HTV virus in a sample. The method comprises: 
taking a culture of cells; and adding a recombinant viral vector into the culture 
to transduce the cells, the recombinant viral vector comprising a reporter 
sequence comprising a reporter gene vAiose expression is regulated by a protein 
1 5 specific to HIV viruses vAnch is expressed from a genome of an HTV virus upon 
infection of a cell in the culture that is transduced by the recombinant viral 
vector, and a receptor sequence comprising a CD4 gene and one or more 
coreceptor genes, expression of the receptor and coreceptor genes facilitating 
productive infection of the transduced cell and enabling HTV virus which has 
20 infected the transduced cell to replicate and infect non-infected cells in the 
culture of the cells transduced by the recombinant viral vector. 

Alternatively, the recombmant cells of the present invention may be 
produced by transducing cells that already express CD4 and one or more HIV 
coreceptors such as CXCR4 and CCR5 with a recombinant viral vector 
25 containing the reporter sequence. The CD4 and one or more HTV coreceptors 
may be expressed at levels suflBcient for facilitating productive infection of the 
cells by HIV viruses. 

Optionally, the recombinant cells of the present invention may also be 
produced by transducing cells that already contains the reporter sequence 
30 with a recombinant viral vector that expresses CD4 and one or more HIV 
coreceptors. Upon infection of HIV virus, expression of the reporter gene on 
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the reporter sequence is activated by a protein specific to HTV virus (e.g. Tat). 

The recombinant cells of the present invention may also be produced by 
transducing cells that abeady contains the reporter sequence and 
CD4 or at least one HIV coreceptor with a recombinant viral vector that 

S expresses CD4 or at least one HTV coreceptor at sufficient levels to facilitate 
productive infection of HIV virus in the cells. Upon infection of HIV virus, 
expression of the reporter gene on the reporter sequence is activated by a protein 
specific to HIV virus (e.g. Tat). 

The recombinant viral vector of the present invention may also be used 

1 0 to transduce a cell that expresses CD4 or a coreceptor (e.g. CXCR4 and CCRS) 
naturally, but at a low level. For example, Hud78 or CME-NKR cells express 
CD4 and a low level of CXCR4. Such cells may be transduced by the 
recombinant viral vector that contains CD4 or the other coreceptors necessary 
for productive HTV infection of cells in the culture. Alternatively, the cell may 

IS be transfected by a recombinant plasmid according the embodiment described 
above. By introducing a vector carrying the HIV receptor into the cell, the 
expression levels of the HIV can be significantly elevated by using strong 
promoters (such as CMV and SV40 promoters) to overexpress the receptors. 
The recombinant viral vector of the present invention may also be used 

20 produce cells that express the receptors in a controlled period of time by using 
an inducible promoter, or in a shorter period of time by using an adenoviral 
vector. This allows versatile and efGcient production of a wide variety of cells 
which can be used for detecting HTV infection in the cell, screening for anti- 
HIV drugs and detecting HIV drug resistance in the cells. 

25 

Overall, the present invention provides novel recombinant vectors and 

cell lines, and methods using these cell lines. These methods are convenient, 

cost-effective and ultra sensitive for the detection of HTV infection and 

replication. These methods can be very useful for high throughput screening in 

30 preclinical drug discovery and development, as well as designing more 

efficacious anti-HIV drug cocktails in the clinic to combat HIV drug resistance. 
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EXAMPLE 

1. Productive Infection of Recombinant HeLa Cells with HIV virus 

5 

A recombinant cell line was established from human cervical cancer 
HeLa cells. The HeLa cells were cotiansfected with an expression vector 
(pRepD4R4) and a vector (pTAR3Clac) at a 1 :1 ratio. As shown in Figure 2A 
the expression vector pRepD4R4 includes CD4 receptor and CXCR4 receptor 

10 genes that are separated by an IRES sequence. As shown Figure 2B the vector 
pTAR3Clac includes a reporter sequence comprising a promoter region that 
includes three copies of TAR sequences and a CMV basic promoter, and a lacZ 
reporter gene whose expression is under the control of the promoter. The 
stably-transfected cells were selected by culturing in medium containing G418 

1 S at 900 Dg/ml. Each clone of the cells selected was subsequently cultured in 
duplicates, and one of the duplicates was infected with a low titer HIV stock 
solution. The low-titer HIV stock was collected from supernatant of a HeLa 
cell culture that was transfected with a B-cell tropic HIV provirus DNA (strain 
GRCSF) and incubated for 3 days post transfection. 

20 Upon infection of HIV contained in the stock solution, Tat protein 

expressed from the viral genome binds to TAR and induces expression of lacZ 
reporter gene to produce high level of D-galactosidase. The cell clones 
expressing D-galactosidase and stained blue with X-gal were identified, and the 
cells from the uninfected duplicate of the darkest blue colony were propagated. 

25 Such selected cells were designated as HeLaD4R4 cells. 

HeLaD4R4 cells constructed as described above were tested for HIV 
infection. HeLaT4 cells (also called HT4) which express human CD4 receptor 
were used as a control. The HeLaD4R4 cells and HeLaT4 cells were grown up 
in DMEM and 5% bovine calf serum. 

30 Exponentially growing cells were cultured in a six-well plate and 

infected with 1ml of a diluted HIV stock (about 10 infectious particles/ml) 
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10 


15 


20 


25 


obtained from HTV provirus transfected HeLa cell culture as described above. 
The cells were continuously cultured, and fixed with 1% formaldehyde for 2 
minutes 1, 3, 4, 5 days after the initial infection. The cells were fixed with 0.5% 
formaldehyde for 2 min. and stained with X-gal (0.5%) at 3TC over night. 
Since the lacZ reporter gene product, O-galactosidase, converts the substrate 
from colorless to daik blue, cells expressing D-galactosidase as a result of being 
infected with HTV appear distinctly blue. 

Figure 3 A shows the control HeLaT4 cells after three days of being 
exposed to HTV. As can be seen, almost all of the HeLa cells were not stained 
blue, with few cell stained faint blue. This indicates that cells without HTV 
CXCR4 were poorly infected and the HIV virus did not replicate within the cell 
culture. 

Figures 3B-2E shows HeLaD4R4 after 1, 3, 4, and 5 days. As can be 
seen in Figure 3B, infection can be readily detected after 1 day, as shown by the 
blue cells. As can be seen in Figures 3C and 3D respectively, progressively 
more cells were infected and stained blue after 3 and 4 days. As can be seen in 
Figure 3E, virtually all cells in the well were infected and stained dark blue after 
5 days. 

The results shown in Figures 3B-3E indicate that following initial 
infection of a few cells by about ten HIV virions, HIV was able to undergo a 
productive infection, i.e. an infection of a cell which is fully permissive for 
virus replication and production of progeny virions (Stevenson, M. AIDS 1 1 
Suppl. a: S25-S33). In addition, the infected cells ^ypear to retain normal 
morphology, i.e. remaining attached to the substrate of the culture plate instead 
of rounding up and detaching from the plate. 

The results shown in Figure 3E are particularly significant because HIV 
virions initially added to the sample were able to replicate within the cell culture 
and spread to infect other cells that are not infected originally (compare Figures 
3B and 3E). This is in significant contrast to an increase of cells stained blue 
simply due to cell division. 

Figure 3F illustrates a further experiment where AZT (100 Dg/nd) was 
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added to inhibit MV replication and infection. As can be seen in Figure 3F, 
after four days of incubation in the presence of AZT only a few clusters of cells 
were infected and stained blue. The sparse clusters of blue cells are most likely 
cells divided from the few cells that were initially infected by the HIV virions 

5 added to the well. 

By comparing Figure 2F to Figures 3B-3E, one can see that AZT was 
effective as an anti-HIV agent since the expre^ion of the reporter gene was 
significantiy reduced due to the presence of AZT. This comparison of the 
results in Figure 3F to Figures 3B-3E is an example of how the present 

1 0 invention can be used to detect fflV drug resistance and to screen compositions 
for anti-HIV activity. 

2. Method for H IV niagnosis 

An example is provided for detecting HIV in a sample. This method can 
15 be used to diagnose a patient infected with HIV. According to the method, 
recombinant cells are seeded into a multiple well plate, a small amount of 
serum from an individual to be tested is added to duplicates of the wells. After 
two to four days incubation, the cells are processed and the results are analyzed 
depending on the type of reporter gene used. For example, when lacZ gene is 
20 used as the reporter gene for the recombinant cells, the cells are treated with a 
processing solution containing the substrate X-Gal for D-galactosidase, low 
concentration of formaldehyde (1%) and glutaraldehyde the (0.1%) to gently fix 
thecellswhilenotinactivatingthereporterprotein. When a green fluoiescenl 
protein (GFP) gene is as the reporter gene for the recombinant ceUs, the ceUs are 
25 observed under an UV microscope directly. The presence of cells emitting 
green fluorescence indicate that the cells may have been infected by HIV virus 
contained in the sample. By using GFP as a reporter gene replication of HIV 
can be directed monitored any time during the mcubation without fixing and 
processing cells to ensure that enough HIV virus has been replicated within ttie 
30 culture. 

The above-described diagnosis test can be used as an independent test 
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for HTV infected patients, or in conjunction with HTV drug resistance and other 
HIV diagnosis tests. 

a positive control agent may be used to ensure that the recombinant cells 
are responsive to HTV infectioa a defective conmion cold virus strain carrying 

S an HIV tat gene that encodes HTV transactivator protein Tat may be used as a 
positive control agent. The conunon cold virus is used as a vector to transfer 
the HIV tat gene into cells to mimic HTV infection. HIV itself may not be ideal 
for use as a positive control because HTV may not be sufficient stable and can 
easily lose its activity, thus the virus may not be stored for an extended period 

10 of time. In contrast, the common cold virus can be dried into powder and stored 
for a long time. In addition, this strains of conunon cold virus is derived fiom a 
strain of conmion cold virus (adenovirus type 5) that is defective in viral 
replication, therefore safer for an extensive usage as a positive control. 


IS 3. Method for Detecting HIV Dine Resistance 

An example of how to perform the method for detecting HTV drug 
resistance is provided. Recombinant cells are seeded into each well of a 
multiple-well plate. Duplicate wells contain each anti-HTV agent to be tested, a 

20 small amount of patient serum is added to each well and incubated for a few 
days. After two to four days of incubation, the cells are processed and the 
results are analyzed depending on the type of reporter gene used. For example, 
when lacZ gene is used as the reporter gene for the recombinant cells, the cells 
are treated with a processing solution containing the substrate X-Gal for 

2S galactosidase, low concentration of formaldehyde (1%) and glutaraldehyde die 
(0. 1 %) to gently fix the cells while not inactivating the reporter protein. For 
quantitative analysis, levels of beta-Gal can be measured by an ONPG assay on 
the cell extract. When a green fluorescent protein (GPP) gene is used as the 
reporter gene for the recombinant cells, the cells are observed under an UV 

30 microscope directly. For quantitative analysis, the fluorescent cells are sorted 

by FACS and numbers of cells expressing the GFP reporter are measured. 
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If the cells in the wells containing a particular drug express the reporter 
gene at a sufficient level, it indicates that the HTV virus contained in the sample 
may be resistant to the drug at the tested dose, and the virus has replicated and 
spread the infection among the recombinant cells in the presence of the anti- 
5 fflV drug. 

Wells where no serum sample has been added can be used as a negative 
control. Negative controls can be performed for each agent being tested, a 
positive control, for example using the positive control agent described in 
Example 2 (adenovirus carrying HIV tat gene), can also be performed for each 
1 0 agent tested to ensure that the recombinant cells function properly. 


4. Method for De termining Viral Load in a Patient Senim 

An example of how to perform the method for determining viral load in 
patient serum is provided. About 1 milliliter of patientDs serum is diluted 

1 5 progressively, such as 1 :10, 1 :100, 1 :1000, etc, and added to wells containing 
the recombinant cells. The highest dilution that still mduces expression of the 
reporter gene of the recombinant cells in the well is the titer (concentration) of 
the HIV in the patient serum. When the viral load become low, finer steps of 
dilution may be performed to determine more accurately the numbers of viral 

20 particles in the patient' s serum. 

The mediod can be used to determine how many viral particles per 
milliliter are present in patient serum. Since the recombinant cells in a culture 
are sensitive to infection of even a single virion, this method can detect 
infection by only one viral particle, therefore suitable for detecting a patient 

25 sample containing low titer HIV, even a few viral particles per milliliter of 
patient serum. Such a high sensitivity is important for monitoring the progress 
of anti-HlV drug treatment Compared to the Dultra-sensitiveD PCR-based 
assays that can only detect hundreds or more viral particles per milliliter of 
patient serum, this method is more sensitive and can be used to detect much 

30 lower titer HIV in the sample. This is particularly important for detecting HTV 

virus in a patient sample after anti-HTV drug treatment when viral titer is below 
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the detectable level of conventional HIV detection methods. 


5. Method for Screening for Anti-HIV Agents 


S Described here is an example of a method for performing high 

throughput anti-HIV drug screening. To screen for new anti-HTV agents, the 
recombinant cells are seeded into a multiple well plate, such as 96-well plate. 
To each well the agent to be tested for anti-HTV activity is added, a small 
amount of HIV stock is added to each well, so that the cells in each well are 

10 infected with about 10 viral particles. After a few days of incubation, the cells 
in the wells are analyzed on a colorimetric or fluorescence plate reader. The 
wells are compared with one or more wells containing the recombinant cell and 
virus but not the agent. Inhibition of the expression of the reporter gene in wells 
containing an agent indicates that the agent may have anti-HIV activity at the 

1 S tested dose. Once potential anti-HIV agents have been identified, the test may 
be repeated to further confirm the anti-HIV activity of the agent. 

6. Construction of Recombinant Adenoviral Vector 

A recombinant adenoviral vector of the present invention is constructed 
20 by using shuttle plasmids or vectors carrying the receptor sequence and the 

reporter sequence. 

Figure 6A illustrates a shuttle plasmid (pLAd.R5-D4-X4) containing 

human CD4, CXCR4 and CCRS receptors. The shuttle plasmid pLAd.RS-I>4- 

X4 contains the left end of the adenoviral genome including the left long 
2S terminal repeats L-TR, and an adenoviral packaging signal (□). The El region 

of the adenovirus is replaced by a multiple gene expression cassette and CMVi^ 

promoter. 

Genes encoding CD4, CXCR4 and CCRS receptors are placed under the 

transcriptional control of the CMVjg promoter by a splicing mechanism at the 

30 SA sites and by an internal ribosome entry site (IRES). The plasmid pLAd.R5- 

D4-X4 also contains a SV40 polyadenylation site, as well as prokaryotic 
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replication origin and ampicillin«resistance gene for DN A propagation in 
bacteria. 

Figure 4B illustrates another shuttle plasmid (pRAdM S/Repo) 
containing a reporter sequence. The shuttle plasmid pRAdMS/Repo contains 

S the right end of the adenoviral genome including the right long terminal repeats 
R-TR. Most of the E4 region (except orf6) is replaced by the reporter sequence 
including a HIV TAR-containing promoter and a reporter gene such as GFP, 
SEAP, Luc, and LacZ. Expression of the reporter gene can be activated by Tat 
protein of HIV. The plasmid pRAdMS/Repo also contains a bovine growth 

10 hormone (BGH) polyadenylation site, as well as a prokaryotic replication origin 
and ampicillin-resistance gene for DNA propagation in bacteria. 

Figures 5 A and SB illustrate an alternative design for constructing a 
recombinant adenoviral vector. As illustrated in Figure S A, the shuttle plasmid 
pLAd.RS-X4 carries human CXCR4 and CCRS receptors. The shuttle plasmid 

1 S pLAd.RS-X4 contains the left end of the adenoviral genome mcluding the left 
long terminal repeats L-TR, and an adenoviral packaging signal (□). The El 
region of the adenovirus is replaced by a multiple gene expression cassette and 
CM Vj^ promoter. Genes encoding CXCR4 and CCRS receptors are placed 
under the transcriptional control of the CMV^g promoter by a splicing 

20 mechanism at the SA sites. The plasmid pLAd.RS-X4 also contains a SV40 
polyadenylation site> as well as a prokaxyotic replication origin and ampicillin- 
resistance gene for DNA propagation in bacteria. 

Figure SB illustrates a shuttle plasmid (pRAdCIM) containing human 
CD4 gene. The shuttle plasmid pRAdCD4 contains the right end of the 

25 adenoviral genome including the right long terminal repeats R-TR. Expression 
of CD4 is under the control of the CNIVj^ promoter. The plasmid pRAdCD4 
also contains a BGH polyadenylation site, as well as prokaryotic replication 
origin and ampicillin-resistance gene for DNA propagation in bacteria. The 
genes encoding the human HIV receptors such as CD4, CXCR4 and CCRS 

30 receptors may be interchangeable between these two plasmids, pRAdCD4 and 

pLAd.RS-X4. In this alternative design, the recombinant adenoviral vector only 
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carries the receptor and coreceptor gen^. This vector can be used in 
combination with a recombinant cell line that contains a reporter gene 
controlled by the HIV-protein (e.g.. Tat) inducible promoter (e.g., TAR). 
Conversely, the vector carrying the reporter gene may be used in combination 
S with a natural or recombinant cell line that contains genes encoding HIV 
receptor (CD4) and coreceptor (e.g., CXCR4 and CCR5). 

The recombinant adenoviral genome is assembled from the two shuttle 
plasmids, pLAd.R5-D4-X4 and pRAdMS/Repo, which carries the left and right 
end of the adenoviral genome, respectively. The shuttle plasmids pLAd.R5-D4- 
10 X4 and pRAdMS/Repo are digested with restriction enzymes such as Xbal and 
EcoRI, respectively. 

As illustrated in Figure 6, the fragments corresponding to the left end 
and right end of adenovirus from these two shutde plasmids, pLAd.RS-D4-X4 
and pRAdMS/Repo, are isolated and ligated to the middle section of the 
IS adenoviral genome (the adenovirus backbone). 

The ligated vector genome DNA is then transfected into 293HK cells 
that express the El proteins of adenovirus. In the presence of El proteins, the 
vector genome in which the El has been deleted can replicate and be packaged 
into viral particle, i.e. producing the recombinant adenoviral vector of the 
20 present invention. 

The recombinant adenoviral vector can be preserved as lyophilized 
powder for long term storage and shipment. The recombinant adenoviral vector 
can be used for detecting the presence of HIV in a clinical sample, for high 
throughput anti-HTV drug screening, and for monitoring HTV drug-resistance. 

25 

Throughout this application, various publications are referenced. The 

disclosures of these publications, and the references cited therein, in their 

entireties are hereby incorporated by reference into this application in order to 

more fiilly describe the state of the art to which this invention pertains. 

30 It will be apparent to those skilled in the art that various modifications 

and variations can be made in the present invention without departing from the 
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scope or spirit of the invention. Other embodiments of the invention will be 
apparent to those skilled m the art from consideration of the specification and 
practice of the invention disclosed herein. It is intended that the specification 
and example be considered as exemplary only, with a true scope and spirit of 
5 the invention being inchcated by the clauns. 
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Claims 

What is claimed is: 

5 

1 . A recombinant viral vector, comprising: 

a reporter sequence comprising a reporter gene v^hose expression is 
regulated by a protein specific to HIV viruses which is expressed from a 
genome of an HIV virus upon infection of a cell transduced by the recombinant 
10 viral vector; and 

a receptor sequence comprising a CD4 gene and one or more coreceptor 
genes, expression of the receptor and coreceptor genes facilitating productive 
infection of the transduced cell and enabling HIV virus which has infected the 
transduced cell to replicate and infect non-infected cells in a culture of the cells 
1 S transduced by the recombinant viral vector. 

2. The recombinant viral vector according to claim 1 , wherein the viral 
vector is replication incompetent. 

20 3 . The recombinant viral vector according to claim 1 , wherein reporter 
gene expression is up-regulated by the HIV specific protein. 

4. The recombinant viral vector according to claim 1, wherein rq)orter 
gene expression is down-regulated by the HIV specific protein. 

25 

5. The recombinant viral vector according to claim 1 , wherein the HIV 
specific protein is an HIV transactivator protein. 

6. The recombinant viral vector according to claim S, wherein the HIV 
30 transactivator protein is Tat. 
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7. The recombinant viral vector according to claim 1 , i^dierein the HIV 
specific protein is selected fiom the group consisting of HTV proteins Tat, Rev, 
Vpr, Vpx, Vif, Vpu, Nef, Gag, Env, RT, PR, and IN. 

5 8. The recombinant viral vector according to claim 1 , wherein the reporter 
sequence comprises a promoter sequence including an HIV virus specific 
enhancer sequence, and a reporter gene whose expression is regulated by 
binding of an HIV specific transactivator protein to the HTV specific enhancer 
sequence. 

10 

9. The recombinant viral vector according to claim 8, wherein the HTV 
specific transactivator protein is Tat and the HIV specific enhancer sequence 
comprises at least one copy of TAR sequence. 

15 10. The recombinant viral vector according to claim 1 , \^*erein the HTV 
specific protein regulates expression of the reporter sequence by a protein- 
protein interaction between the HIV specific protein and a transactivator protein 
present in the recombinant cell. 

20 11. The recombinant viral vector according to claim 1 , wherein the HTV 
specific protein regulates expression of the reporter sequence by a protein- 
nucleotide interaction between the HTV specific protein and an inducible 
promoter contained in the recombinant viral vector or present in the 
recombinant cell. 

25 

12. The recombinant viral vector according to claim 1 , wherein the reporter 
gene is selected from the group consisting of □-galactosidase, luciferase, beta- 
glucuronidase» green fluorescent protein, blue fluorescent protein, yellow 
fluorescent protein, chloramphenicol acetyl transferase, secreted embryonic 
30 alkaline phosphatase, hormone and cytokine. 
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1 3 . The recombinant viral vector according to claim 1 , wherein the one or 
more coreceptor genes are selected from the group consisting of CXCR4, 
CCR5, CCRl, CCR2b, CCR3, CCR4. CCR8, CXCRl, CXCR2, CXCR3, 
CX3CRI. STRL33/BONZO and GPR15/B0B genes. 

5 

1 4. The recombinant viral vector according to claim 1 wherein the one or 
more coreceptor genes comprise CXCR4 gene. 

15. The recombinant viral vector according to claim 1 , wherein the one or 
10 more coreceptor genes comprise CCRS gene. 

1 6. The recombinant viral vector according to claim 1 , wherein the one or 
more coreceptor genes comprise CXCR4 and CCRS. 

IS 17. The recombinant viral vector according to claim 1 , further comprising a 
gene encoding an interleukin that renders the transduced cells more susceptible 
to HIV infection. 

1 8. The recombinant viral vector according to claim 1 , wherein the gene 
20 encoding an interleukin is a wild-type or recombinant gene encoding 

interleukin-2 or interleukin- 12. 

19. The recombinant viral vector according to claim 1 is a recombinant 
adenoviral vector. 

25 

20. The recombinant viral vector according to claim 19, wherein the El 
region of the recombinant adenoviral vector is replaced by the receptor 
sequence and the El promoter remains to express the receptor sequence. 

30 21. The recombinant viral vector according to claim 1 9, wherein the El 
region including El promoter of the recombinant adenoviral vector is replaced 
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by an exogenous promoter and the receptor sequence where the exogenous 
promoter expresses the receptor sequence. 

22. The recombinant viral vector according to claim 21 , wherein the 
5 exogenous promoter is a CMV promoter. 

23, The recombinant viral vector according to claim 19, wherein the reporter 
sequence is positioned in the right end of the recombinant adenoviral vector. 


1 0 24. The recombinant viral vector according to claim 23, wherein the reporter 
sequence is positioned in the E4 or E3 region of the recombinant adenoviral 
vector. 

25. The recombinant viral vector according to claim 19, wherem the 
1 5 recombinant adenoviral vector includes an adenoviral packaging signal. 

26. The recombinant viral vector according to claim 1 9, wherein the 
recombinant adenoviral vector includes a eukaryotic polyadenylation sequence. 

20 27. The recombinant viral vector according to clEum 26, wherein the 
eukaryotic polyadenylation sequence is a bovine growth hormone or SV40 
polyadenylation site. 

28. A recombinant plasmid, comprising in operable combination: 
25 a reporter sequence comprising a reporter gene whose expression is 

regulated by a protein specific to HIV viruses which is expressed from a 
genome of an HTV virus upon infection of a cell transfected with the 
recombinant plasmid; and 

a receptor sequence comprising a CD4 gene and one or more coreceptor 
30 genes, expression of the receptor and coreceptor genes facilitating productive 
infection of the transfected cell and enabling HIV virus which has infected the 
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transfected cell to replicate and infect non-infected cells in a cultuie of the cells 
transfected with the recombinant plasmid. 


29. A kit comprising: 
S a recombinant viral vector and a cell line capable of being infected by 

the vector, the recombinant viral vector comprising 

a reporter sequence comprising a reporter gene whose expression 
is regulated by a protein specific to HIV viruses which is expressed from 
a genome of an HIV virus upon infection of a cell in the cell line that is 
10 transduced by the recombinant viral vector, and 

a receptor sequence comprising a CD4 gene and one or more 
coreceptor genes, expression of the receptor and coreceptor genes 
facilitating productive infection of the transduced cell and enabling HIV 
virus which has infected the transduced cell to replicate and infect non- 
1 5 infected cells in a culture of the cells transduced by the recombinant 

viral vector 


30. A method for producing recombinant cells for detecting a presence of 
HIV virus in a sample, comprising: 
20 taking a culture of cells; and 

adding a recombinant viral vector into the culture to transduce the cells, 
the recombinant viral vector comprising 

a reporter sequence comprising a reporter gene whose expression 
is regulated by a protein specific to HIV viruses which is expressed from 
25 a genome of an HIV virus upon infection of a cell in the culture that is 

transduced by the recombinant viral vector, and 

a receptor sequence comprising a CD4 gene and one or more 
coreceptor genes, expression of die receptor and coreceptor genes 
facilitating productive infection of the transduced cell and enabling HIV 
30 virus which has infected the transduced cell to replicate and infect non- 

infected cells in the culture of the cells transduced by the recombinant 
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viral vector. 

3 1 . The method according to claim 30, wherein the viral vector is replication 
incompetent 

5 

32. The method according to claim 30, wherein reporter gene eicpression is 
up-regulated by the HTV specific protein. 

33. The method according to claim 30, wherein reporter gene expression is 
1 0 down-regulated by the HIV specific protein. 

34. The method according to claim 30, wherein fhe HIV specific protein is 
an HIV transactivator protein. 

IS 3 S . The method according to claim 34, wherein the HTV transactivator 
protein is Tat. 

. 36. The method according to claim 30, wherein the HIV specific protein is 
selected fi-om the group consisting of HIV proteins Tat, Rev, Vpr, Vpx, Vif, 
20 Vpu, Nef. Gag, Env, RT, PR, and IN. 

37. The method according to claim 30, wherein the reporter sequence 
comprises a promoter sequence including an HIV virus specific enhancer 
sequence, and a reporter gene whose expression is regulated by bindmg of an 

25 HTV specific transactivator protein to the HIV specific enhancer sequence. 

38. The recombinant viral vector according to claim 37, wherein the HIV 
specific transactivator protein is Tat and the HIV specific enhancer sequence 
comprises at least one copy of TAR sequence. 

30 

39. The method according to claim 30, wherein the HIV specific protein 

61 


wo 01/81608 



PCTAJSOl/12968 


regulates expression of the reporter sequence by a protein-protein interaction 
between the HIV specific protein and a transactivator protein present in the 
recombinant cell. 


S 40. The method according to claim 30, wherein the HTV specific protein 
regulates expression of the reporter sequence by a protein-nucleotide interaction 
between the HIV specific protein and an inducible promoter contained in the 
recombinant viral vector or present in the recombinant cell. 

10 41. The method according to claim 3 0, wherein the reporter gene is selected 
from the group consisting of D-galactosidase, luciferase, beta-glucuronidase, 
green fluorescent protein, blue fluorescent protein, yellow fluorescent protein, 
chloramphenicol acetyl transferase, secreted embryonic alkaline phosphatase, 
hormone and cytokine. 

15 

42. The method according to claim 30, wherein the one or more coreceptor 
genes are selected from the group consisting of CXCR4, CCR5, CCRl, CCR2b, 
CCR3, CCR4, CCR8, CXCRl, CXCR2, CXCR3, CX3CRI, STRL33/BONZO 
and GPR15/BOB genes. 

20 

43. The method according to claim 30, wherein the one or more coreceptor 
genes comprise CXCR4 gene. 

44. The method according to claim 30, wherein the one or more coreceptor 
25 genes comprise CCR5 gene. 


45. The method according to claim 30, wherein the one or more coreceptor 
genes comprise CXCR4 and CCR5. 

30 46. The method according to claim 30, fiirther comprising a gene encoding 
an interleukin that renders the transduced cells more susceptible to HIV 
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infection. 

47. The method according to claim 46, wherein the gene encoding an 
interleukin is a wild-type or recombinant gene encoding interleukin-2 or 

5 interleukin- 12. 

48. The method according to claim 30 is a recombinant adenoviral vector. 

49. The method according to claim 48, wherein the El region of the 

10 recombinant adenoviral vector is replaced by the receptor sequence and the El 
promoter remains to express the receptor sequence. 

50. The method according to claim 48, wherein the El region including El 
promoter of the recombinant adenoviral vector is replaced by an exogenous 

1 5 promoter and the receptor sequence where the exogenous promoter expresses 
the receptor sequence. 

5 1 . The method according to claim 50, wherein the exogenous promoter is 
a CMV promoter. 

20 

52. The method according to claim 48, wherein the reporter sequence is 
positioned in the right end of the recombinant adenoviral vector. 

53. The method according to claim 52, wherein the reporter sequence is 
25 positioned in the E4 or E3 region of the recombinant adenoviral vector. 

54. The method according to claim 48, wherein the recombinant adenoviral 
vector includes an adenoviral packaging signal. 

30 55. The method according to claim 48, whmin the recombinant adenoviral 
vector includes a eukaryotic polyadenylation sequence. 
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56. The method according to claim SS, wherein the eukaryotic 
polyadenylation sequence is a bovine growth hormone or SV40 polyadenylation 
site. 

5 

57. A method for producing recombinant cells for detecting a presence of 
HIV virus in a sample, comprising: 

taking a culture of cells, where the cells express CD4 or a HTV 
coreceptor; and 

1 0 adding a recombinant viral vector into the culture to transduce the cells, 

the recombinant viral vector comprising 

a reporter sequence comprising a reporter gene whose expression 
is regulated by a protem specific to HTV viruses which is expressed firom 
a genome of an HIV virus upon infection of a cell in the culture that is 
1 S transduced by the recombinant viral vector, and 

a receptor sequence comprising a CD4 gene or at least one HIV 
coreceptor gene that is not substantially expressed in the cells, 
expression of CD4 gene or the HIV coreceptor gene facilitating 
productive infection of the transduced cell and enabling HTV virus 
20 which has infected the transduced cell to replicate and infect non- 

infected cells in the culture of the cells transduced by the recombinant 
viral vector. 

58. A method for producing recombinant cells for detecting a presence of 
25 HIV virus in a sample, comprising: 

taking a culture of cells, where the cells express a reporter gene whose 
expression is regulated by a protein specific to HIV viruses which is expressed 
fi-om a genome of an HIV virus upon infection of the cells in the culture, 

adding a recombinant viral vector into the culture to transduce the cells, 

30 the recombinant viral vector comprising: 

a receptor sequence comprising CD4 and one or more coreceptor 
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genes, expression of the coreceptor genes facilitating productive 
infection of the transduced cell and enabling the HTV virus which has 
infected the transduced cell to replicate and infect non-infected cells in 
the culture of the cells transduced by the recombinant viral vector. 

5 

59. A method for producing recombinant cells for detecting a presence of 
HIV virus in a sample, comprising: 

taking a culture of cells, where the cells express C£>4 or a HIV 
coreceptor, and a reporter gene whose expression is regulated by a protein 
1 0 specific to HIV viruses which is expressed from a genome of an HIV virus upon 
infection of the cells m the culture; 

adding a recombinant viral vector into the culture to transduce the cells, 
the recombinant viral vector comprising 

a receptor sequence comprising a CD4 gene or at least one HIV 
1 S coreceptor gene that is not substantially expressed in the cells, 

expression of the CD4 gene or the HIV coreceptor gene facilitating 
productive infection of the transduced cell and enabling HIV virus 
which has infected the transduced cell to replicate and infect non- 
infected cells in the culture of the cells transduced by the recombinant 
20 viral vector. 


60. A method for producmg recombinant cells for detecting a presence of 

HIV virus in a sample, comprising: 

taking a culture of cells, where the cells express CD4 or a HTV 

25 coreceptor, expression of the CD4 gene or the HIV coreceptor gene facilitating 

productive infection of the cells and enabling HTV virus which has infected the 

cells to replicate and infect non-infected cells in the culture of the cells; 

adding a recombinant viral vector into the culture to transduce the cells, 

the recombinant viral vector comprising 

30 a reporter sequence comprising a reporter gene whose expression 

is regulated by a protein specific to the HIV virus which is expressed 
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from the genome of the HTV vims that has infected the cells in the 
culture. 


61. A method for producing recombinant cells for detecting a presence of 
S HIV virus in a sample, comprising: 
taking a culture of cells; and 

adding a plurality of recombinant viral vectors into the culture to 
transduce the cells, each of the plurality of recombinant viral vector comprising 
a reporter sequence comprising a reporter gene whose expression 
1 0 is regulated by a protein specific to HIV viruses which is expressed from 

a genome of an HIV virus upon infection of a cell in the culture that is 
transduced by the plurality of the recombinant viral vectors, or 

a receptor sequence comprising a CD4 gene or at least one HIV 
coreceptor gene, expression of CD4 gene or the HIV coreceptor gene 
1 S facilitating productive infection of the transduced cell and enabling HIV 

virus which has infected the transduced cell to replicate and infect non- 
infected cells in the culture of the cells transduced by the plurality of the 
recombinant viral vectors. 

20 62. A method for detecting a presence of HIV virus in a sample, comprising: 
taking a culture of cells; 

adding a recombinant viral vector into the culture to transduce the cells, 

the recombinant viral vector comprising 

a reporter sequence, comprising a reporter gene whose 

25 expression is regulated by a protein specific to HIV viruses 

which is expressed firom a genome of an HIV virus upon 

infection of a cell in the culture that is transduced by the 

recombinant viral vector, and 

a receptor sequence comprising a CD4 gene and one or 

30 more coreceptor genes, expression of the receptor and coreceptor 

genes facilitating productive infection of the transduced cell and 
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enabling HIV virus which has infected the transduced cell to 
replicate and infect non-infected cells in the culture of the cells 
transduced by the recombinant viral vector; 


contactmg the cell culture with a sample to be analyzed for the presence 
5 of HIV virus in the sample; and 

detecting a change in a level of expression of the reporter gene in cells in 
the culture. 

63. A method for detecting HIV drug resistance in a sample, comprising: 
1 0 taking a culture of cells; 

adding a recombinant viral vector into the culture to transduce the cells, 
the recombinant viral vector comprising 

a reporter sequence comprising a reporter gene whose 
expression is regulated by a protein specific to HTV viruses 
1 s which is expressed from a genome of an HIV virus upon 


infection of a cell in the culture that is transduced by the 
recombinant viral vector, and 


20 


a receptor sequence comprising CD 4 and one or more 
coreceptor genes, expression of the coreceptor genes facilitating 
productive infection of the transduced cell and enabling HIV 
virus which has infected the transduced cell to replicate and 
infect non-infected cells in the culture of the ceUs transduced by 


25 


the recombinant viral vector; 
infecting the transduced cells with a sample containing HTV; 
adding one or more anti-HTV agents to the cell culture; and 
detecting a change in a level of expression of the reporter gene in cells. 
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